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INTERSTATE 680 VARIABLE PRICING STUDY

EXECUTIVE SUMMARY
Findings

The proposal to utilize planned high-occupancy vehicle (HOV) lanes on Interstate 680 as
combined HOV and high-occupancy toll (HOT) lanes is found to be financially, operationally and
physically feasible. The recommended separation treatment between the HOV/HOT lanes and
the adjacent mixed-flow lanes is solid striping, with limited ingress/egress locations for HOV and
HOT users. A combination of electronic toll collection, video surveillance and enhanced highway
patrol enforcement would assure an acceptably high ievel of compliance by HOV and HOT users.
The HOV/HOT lane system components could be flexibly adjusted as changes in traffic and
economic conditions warrant and could be implemented as a pilot project. Revenues generated
from the system could be used for improvements on the corridor, including capital improvements
and enhanced transit service. However, implementation involves several chalienges, primarily
institutional rather than technical.

Background & Purpose of the Study

The Interstate 680 Widening Project is being undertaken by the California Depariment of
Transportation (Caltrans) to address needs in a corridor that has experienced significant and
rapidly growing traffic congestion in recent years. The Caltrans project would widen the 14-mile
segment of I-680 freeway from Route 84 in the north to Route 237 (Calaveras Boulevard) in the
south from six lanes fo eight lanes. The Caltrans plan is for the two new lanes to be HOV janes.
An interim southbound HOV lane has been constructed and was opened 1o traffic in December
2002. The fully widened (Caltrans standard lane and shoulder widths) southbound lane HOV
lane is due for opening in early 2007, and the northbound lane will follow at a later date.

The I-680 corridor is characterized by a strongly directional traffic flow, with approximately two-
thirds of the morning peak traffic heading southbound and slightly less than two-thirds northbound
in the afternoon peak. The peak periods have been spreading to encompass more hours as
traffic volume and congestion have grown substantially, up to 4.5 hours in the AM peak. in 2001,
when comprehensive data was last gathered, the average trip time was 2.5 times more than
would be the case under free-flow conditions.

The purpose of this study, sponsored by the Alameda County Congestion Management Agency
(ACCMA), is to determine whether adding a HOT lane feature to the HOV lanes is feasible
operationally, financially, and physically. The concept of a HOT lane is to allow otherwise
ineligible vehicles to use the HOV lane in exchange for paying a toll. The amount of the toll would
vary by time of day and demand, while eligible HOVs wouild continue to use the lane for free. The
potential benefits to using a HOT lane would be: (1) use and manage capacity more efficiently;
(2) influence rational transportation decision-making by travelers by linking congestion impacts to
value of time: (3) provide a new option for travelers; (4) generate revenues for transportation
purposes; (5) provide a demonstration project of road pricing for the region, with the possibility of
replicating it in other HOV locations.

HOT lanes are one form of variable road pricing. HOT lanes are currently operating in three U.s.
locations (SR 91 in Orange County, I-15 in San Diego, and Houstor’s I-10 and US 280). Each of
those projects has demonstrated the successful combination of HOV lanes with a HOT lane
option for those who are willing to pay a toll that varies by time of day and/or traffic conditions.
There are more modest forms of variable pricing, with tolis reduced during off-peak hours, in
operation in Lee County, Florida, and the New York/New Jersey bridges, tunnels, and turnpike.
internationally, there are a number of tocations that have implemented some form of road pricing
that is variable by time of day, including Singapore, Norway, Canada, and the United Kingdom.



Most of the international systems are “cordon” schemes, whereby a driver pays a daily fee to
enter a center city district during business hours.

Freeway Configuration and Costs

This study looked at a wide range of alternatives at the outset. These included, in addition to the
six existing mixed-flow lanes: (1) one HOV lane in each direction (Alternative A); (2) two
reversible HOV lanes, one on each side of the freeway (Alternative B), or both in the median
(Alternative C); (3) three HOV lanes, one of which would be reversible and in the median
separated by fixed barriers(Alternative D); and (4) three HOV lanes, one of which would be
reversible in the median, plus one on each side of the freeway separated by a movable barrier
(Alternative E). After consultation with Caltrans and the ACCMA, the study eliminated further
analysis of the nine-lane and reversible lane options as infeasible in the near-term. All
subsequent financial and operational analysis focused on Alternative A, consisting of four lanes in
each direction, one of which in each direction would be combined HOV/HOT lane. There wili be
a buffer space in the range of two to four feet between HOV/HOT lanes and the adjacent mixed-

fiow lanes; including this buffer is deemed desirable for either HOV-only or HOV/HOT lanes and
provides flexibility for future restriping.

The additional cost of changing the freeway configuration for Alternative A to accommodate HOT
lanes with an intermediate access location is $4.6- $5.0 million. HOT lanes also require
additional toll callection and enforcement costs of approximately $3.2 million capital and $1.0
million for annual operations, but these do not alter the configuration of the freeway.

The key variables studied under Alternative A are:

Lane separation treatments between the HOV/HOT lane and adiacent mixed-flow lanes. Options
include: (1) physical barriers; (2) simple striping with buffers between HOV/HOT and mixed-flow
lanes; and (3) striping with buffers plus plastic pylons. The simple striping option is
recommended at this time, because the physical barrier is considerably more expensive and less
fiexible than striping. The striping alone is preferred to striping plus pylons, due to the
maintenance cost of the pylons and Caltrans safety concerns. The ingress/egress locations can
be modified easily by simply changing the striping and adding pavement if necessary. If the HOT
lane experiment is not successful, it can be discontinued easily and inexpensively.

Number and location of intermediate access to and from the HOV/HOT lanes, Options include
{1) continuous, unlimited access (current configuration of Bay Area HOV lanes); (2) limited
access for the entire 14-mile corridor with no intermediate ingress/egress points; and (3) limited
access with one or more intermediate access points. Based on preliminary findings, an
appropriate location for one intermediate access would be in the vicinity of the Route 262
(Mission Boulevard) interchange, approximately the midpoint of the HOT corridor. Permitting
continuous access is problematic for a HOT lane, because it makes enforcement and toll
collection mare difficult if vehicles can move at will in and out of the HOV/HOT lanes. None of the
existing HOT lanes in the U.S. have continuous access. Limited access has the advantage of
making tolling and enforcement much easier and apparent to law enforcement. However, it is
acknowledged that determined toll evasion is easier than it would be with a solid physical barrier.
Limited access would also reduce the number of HOV users of the lanes, because some HOVs

would have origins or destinations at a location different from the designated ingress/egress
locations.

Effect of carpool eligibility policies. Options include an HOV definition of two persons or more

(2+) or a definition of three persons or more (3+) eligible to use the lanes for free. The analysis
considers both options.
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Toll coliection methods. One option is & “placard” system, consisting of a pass or permit
purchased periodically (e.g., monthly) for a fixed price and signified by a placard or decal affixed
io the windshield. A second option is electronic toll collection, using technology compatible with
the FasTrak collection system already in place on the region’s bridges, whereby an electronic
reader identifies the vehicle from an in-vehicle transponder and deducts the toll from a prepaid
account. This study recommends electronic toli collection with a robust coliection and
enforcement program, including additional highway patrol, extra tol! readers and video
surveillance cameras for enhanced enforcement and deterrence. Electronic toll collection allows
for much more flexibility in adjusting toll levels as needed to assure no overloading of the
HOV/HOT lane and substantially more revenue than a permit system. The estimated capital cost
of such an electronic collection and enforcement system is approximately $3.2 million, and the
annual operating cost is just over $1.0 million.

Financial Feasibility

To determine financial results, optimal tolls were modeled with the goal of maintaining acceptable
tratfic performance of the HOV/HOT lanes and efficiency in minimizing totai delay, in terms of
value of time of all facility users (both HOV/HOT and mixed-flow lanes). The analysis used a
simplified toll structure with five toll levels, from the highest during peak traffic periods and
negligible tolls during night hours. The analysis was done for years 2002, 2006 (the earliest
feasible year for implementation of a southbound HOT lane as a pilot project), and 2025. Options
with no intermediate access {Aliernative A-3) and one intermediate access (Alternative A-4) were
analyzed, as were the 2+ and 3+ carpool policies with both access alternatives. The 2+ carpool
policy means that all 2+ carpools ride for free and only single-occupant vehicies (SOV) buy in,
while 3+ requires SOVs and 2-person carpools to buy in. The key peak and average toll level
estimates for 2006 (in 2002 dollars) are shown below:

Toll Rate Estimates for 2006 (2002 doliars)

Alternative A-3 Alternative A-3 Alternative A-4 Alternative A-4
HOV 24+ HOV 3+ HOV 2+ HOV 3+
No intermediate | No intermediate | Intermediate Intermediate
access access aCcess access

Southbound AM | $3.13 $4.04 $2.87 $4.84

Peak

Southbound AM | $0.22 $0.29 $0.20 $0.35

Peak per mile

Northbound PM $4.62 $5.23 $3.52 $5.29

Peak

Northbound PM $0.33 $0.37 $0.25 $0.38

Peak per mile

Average toll $0.70 $0.83 $0.59 $0.94

(both directions,

all times of day)

The toll estimates (using constant 2002 dollars) were also forecast for years 2002 and 2025.

Forecasts for 2006 and 2025 show higher tolls than 2002, due to traffic growth in the corridor and
the resulting increase in the value of time savings accruing to HOT lane users. The 2006
estimates show peak toll level increases in constant dollars, compared to 2002, ranging from 4%
to 10%. Year 2025 estimates show peak toll rate increases, compared to 2002, ranging from
41% to 75%. The highest toll level in 2025 is $7.06, which is tor the southbound AM peak under
the HOV 3+ scenario. The 1ol levels shown by this analysis are clearly within the range ot other
existing toll roads in the U.S., including other HOT lanes.

i



From the standpoint of financial feasibility, it is necessary to show that the HOT lanes generate
enough gross and net revenue 1o justify thelr implementation. To test this, the financial model
calculated the annual gross and net revenues and the cumulative present value of the HOT lanes
over a 20-year period for each of the alternatives. The years of operation for this analysis were
assumed to be 2006-2025. The net income is equal to gross revenue minus expenses for
operation and capital replacement.

Gross and Net Revenues (Millions $) from Southbound & Northbound HOT Lanes

Alternative A-3 Alternative A-3 Alternative A-4 Alternative A-4
MOV 2+ HOV 3+ HOV 24 HOV 3+
No intermediate | No Intermediate | intermediate intermediate
access access Access access
First year gross 9.8 14.1 6.3 147
revenue
Highest year 20.1 27.9 12.3 "31.9
gross revenue
Cumulative 159 224 100 245
Present Value of
20-year gross
revenie *
Cumulative 142 207 83.0 228
Present Value of
Net income *

*Based on 4% discount rate assumption.

The overall financial analysis indicates a financially feasible project thai would generate
substantial net revenues from the opening of the project and steadily increasing net revenues
continuing indefinitely. This result is based on conservative assumptions about operating
expenses (the most expensive toll coflection system) and adopts the Metropolitan Transportation
Commission (MTC) forecasting assumption of no assumed inflation-adjusted income growth. if
historical trends continue, the assumption of no income growth among users is likely to be an
underestimate. If real income actually grows, the real value of time grows accordingly along with
the willingness to pay a higher toll. Thus, the gross and net revenue estimates are probably
biased downward and are conservative.

Speeds and Travel Times

Under the various scenarios, the average peak-period speeds on the HOV/HOT lanes range from
55 mph to 61 mph, compared {0 average speeds on the mixed-fiow lanes from 25 mph to 34 mph
in year 2000. Travel times for HOV/HOT lane users on the corridor segment are reduced by 11
to 19 minutes compared to mixed-flow lane users. By year 2025 traffic congestion worsens, and
as a result the speeds are reduced and the travel time savings rise dramatically. The average
HOV/HOT lane speeds range from 42 to 53 mph, while mixed flow speeds are between 19 and
25 mph. Travel time savings for HOV/HOT users range from 17 1o 31 minutes.

Traffic Volumes and Capacity in HOV/HOT |anes

Travel forecasting for year 2000 shows peak-hour traffic volumes in the HOV/HOT lanes,
including both HOVs and toll-paying customers, ranging from 826 to 1362 vehicles per hour
(vph), with volumes in most scenarios falling in the 900-1250 vph range. In year 2025 the peak-
hour volumes range from 880 to 1783 vph, with volumes in most scenarios falling in the 1000-
1500 vph range. Most scenarios show volume well under the recommended HOV lane
maximum of 1600-1700, which are fewer vehicles than the recommended 1900-2200 vph for a
regular mixed-flow lane, because there must be an assured higher level of service in the HOV
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lane. The possibie exceedance of the recommended HOV lane maximum volume occurs in one
segment of Alternative A-4 under only the 2+ carpool scenario. This finding indicates that, by
year 2025, either the 2+ carpool policy would have to be reconsidered or tolls for single-occupant
vehicles would have to be raised to a ievel that causes the number of toll-payers to decline.

Since the southbound HOV lane opened in December 2002, Caltrans has conducted frequent
traffic counts. The most recent data show peak-hour counts averaging 541 vph in the HOV lane
and 1861 vph in the mixed-flow lanes. Traffic congestion is much less severe, and the mixed-
flow lane counts are below those for year 2001, which is likely due to the slumping economy and
the recent addition of the HOV lane. It is too early to make any judgments about how much
capacity would be available for toli-paying vehicles. The long-term planning for the 1-680 corridor
will proceed on the assumption that the economy will eventually recover and the severe traffic
congestion of the late 1990s will recur and worsen.

QOperational Analysis

An operational analysis was performed to determine whether a combination HOWHOT lane is
feasible based on traffic operations. Both the HOV-only and the combined HOV/HOT lanes
northbound show bottienecks at the termination of the lanes, where four lanes funnel into three
lanes. These HOT lane constraints can be mitigated and capacity restored by extending mixed-
flow auxiliary lanes for short segments (0.5 mile southbound and 1.5 mile northbound), assuming
that sufficient right-of-way is available. After the lanes are opened, the volume of vehicles and
potential bottlenecks will be closely monitored to determine if and when it is necessary to provide
the auxiliary lane.

The combined HOV/HOT lane performs well in most scenarios but results in lower speeds than
the HOV-only lane under some scenarios. The reason for lower speeds is the constraint imposed
by limited exits from the HOV/HOT lane, creating potential traffic bottlenecks at the few locations
available for entering and exiting the lane. Once again, this requires mitigation at ihe
intermediate access location and is, in this case, attributable solely to the HOT lane. The
additional capital cost of mitigation for the intermediate access location to alleviate this difficulty
with Alternative A-4 is approximately $2.3 million for each direction, or a total of $4.6 million for
both directions.

Properly designed, HOV/HOT lanes appear to be operationally feasible and perform comparably
with HOV-only lanes in terms of moving people through the corridor. However, the limited access
teature of HOT alternatives does remove some of the HOV users who would otherwise use a
continuous access HOV lane, because their origin or destination is incompatible with the
designated ingress/egress locations.

Policy Considerations

Assuming that 1-680 will be widened by two additional lanes, the major decision facing policy-
makers is whether 1o operate these lanes as continuous access HOV-only lanes or as combined
HOV/HOT lanes with limited access. There are several policy considerations and questions
inherent in the choice:

What constitutes “efficiency” in using the new lanes?

e A major objective of a HOT lane is to gain greater efficiency from the capacity added by
new lanes. A HOT lane with restricted access allows underutiiized capacity to be used
by selling it to users who value the time saving and are willing to pay forit. A HOT lane
permits more vehicle and person-throughput in the corridor and removes toli-paying
vehicles from the mixed-flow lanes. A HOT lane controls the traffic flow in the HOV flow
lane by adding access restrictions to the HOV lane {i.., limited ingress/egress locations)



but at the same time allows more vehicles to enter the lane through pricing and thereby
makes better use of existing capacity. The number of toll-paying vehicles in the lane can
be conirolled by adjusting the tolls upward or downward. The restricted access does
cause somewhat fewer carpools on the HOV lane, because of the access location
limitations. A reduction in the number of carpools is also possible, because some users
who would otherwise form carpoois could choose 1o pay a toll instead; however, actual
experience with San Diego’s I-15 HOT lanes does not validate this hypothesis. These
are issues and trade-offs for policy-makers to take into account.

What is the impact on choices for users?

A HOT lane clearly provides an additional choice for users, on occasions when saving
time is of value to them. On the other hand, a HOT lane system virtually requires limiting
access to a few locations, due 1o toll collection and enforcement considerations.
Therefore, the limited access feature — but not the tolling feature — reduces the
attractiveness of the lane for carpool users by limiting their ingress/egress choices.

While Southern California experience indicates that this is actually not a serious problem,
it is a consideration when deciding which access configuration to apply to 1-680.  Opinion
surveys of HOT lane corridor users in southern California have indicated that support has
grown for the HOT lane concept since they have been in operation.

What is equitable?

Cne equity issue sometimes raised in connection with HOT lane proposals is that higher-
income individuals will make much greater use of HOT lanes than will lowet-income
individuals. While this seems logical, actual experience with existing HOT lanes in
Southern California does not bear out that supposition. The income profile of HOT lanes
users does not differ greatly from that of the adjacent mixed-flow lanes, though higher-
income users do have a propensity to use the HOT lanes somewhat more frequently.
Research indicates that low-income individuals place high values of time on some
occasions, when being late could be very costly to them. Having the option to pay a toll
and being assured reliable time savings can be valuable to persons across the income
spectrum. Anocther equity consideration is making a choice between a direct user fee,
paid by a user for making demands on the transportation system during the peak-period,
and alternative methods of transportation financing. Some of the other methods, such
as sales taxes (unrelated to use of the road) or a per-gallon gasoline tax (unrelated to
congestion on a facility or to time of day), might be viewed as less equitable than a user
ioll that varies in relationship to the burden placed on the transportation system.

What are the impacts on HOV lane design?

The HOT lane scenarios analyzed in this study necessitate minimal changes in HOV lane
design, The limited access feature of the HOT lane does require additional striping and
possible design exceptions. in the case of the intermediate access option (Alternative A-
43, i requires mitigation by way of a short additional transition or weaving lane. The
overhead electronic toll readers and toll-related signage entail some cost, though very
little change in design, hecause they do not require additional right-of-way or pavement.

Evaluating the Aliernatives

The various HOT lane scenarios were evaluated in comparison to an HOV-only alternative and
against each other. A summary of the evaluation criteria and results follows:

L ]

Corridor travel impacts: The speed data for HOT alternative are mixed, with some
scenarios better and some worse than HOV-only. The balance is roughly equal, and it
cannot be stated that one or the other has a clear advantage. The same is true with
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respect to the HOT alternatives compared to one another, except that the 2+ carpoal
alternatives tended to have higher person-throughput than the 3+ alternatives,
Operational impacts: The HOT alternatives have slightly negative impacts, due to the
limitation of ingress/egress locations and resuiting queues at those locations. These
impacts can be mitigated with weaving lanes.

Geometric freeway design: There are no essential design differences among the options,
except that the HOT lanes with intermediate access require an additional mitigation lane
at the intermediate access location.

Safety: There is no noteworthy or documentable safety differentiation among the
alternatives,

Tolling and enforcement: This is a mixed result. On the one hand, allowing toll-payers
into the HOV lanes complicates visual patrol enforcement by providing two, rather than
one, way for a vehicle to be in the lane legally (either as an HOV or a toll-payer). On the
other hand, however, there are several reasons why enforcement would be improved for
HOT lanes as compared to HOV-only lanes: (1) an electronic signal will indicate 1o the
enforcement officer or automated system that a toll has been collected; (2) enhanced
patrol and video surveiliance can be paid for by the toll revenue; (3) potential HOV lane
violators are given the option to pay a small toll rather than risking an expensive fine. On
balance, HOT alternatives are a plus on the enforcement criterion, though not without
complication. Among HOT alternatives, those with no intermediate access are somewhat
easier to enforce.

Travei options: All HOT lane alternatives have a clear advantage over HOV-only,
because they provide a new option — pay a toll to avoid delay—not otherwise available.
The A-4 alternative with intermediate access is somewhat better on this criterion,
because it provides additional flexibility. Howevet, the limited access feature of all HOT
alternatives does reduce the number of HOVs that might otherwise use an unlimited
access HOV-only facility.

Capital cost: The HOT alternatives each have a moderately higher cost than HOV-only.
In the context of the entire widening project these are not high costs: $4.6 for
intermediate access and $3.2 million for toll collection equipment. Nevertheless, these
costs would have to be funded.

Revenue generation: HOT lanes are ciearly superior to HOV-only lanes, which generate
no revenue. The various HOT lane scenarios generate between $6.3 and $14.7 million in
the first year, between $12.3 and $31.9 million by the twentieth year, and continue to
produce revenue for the full life of the facility. The HOT alternatives with the 3+ carpool
policies produce considerably more revenue than the 2+ carpool scenarios, and the A-4
scenario with intermediate access produces somewhat more revenue than A-3 with no
intermediate access.

Net operating income; Once again, HOT lanes generate a positive income stream from
the first year, escalating thereafter, while HOV-only lanes generate no income. The
cumulative net income over 20 years ranges from $83 million to $228 million and, as with
gross revenue, the 3+ carpool policies generate much higher revenue, and the A-4
alternative with intermediate access generates somewhat more revenue than A-3 with no
intermediate access.

Equity: Because equity is subject to numerous definitions, this criterion yields mixed
results. From the income distribution standpoint, the more affluent drivers can afford to
pay a toll more easily than the less affluent. On the other hand, HOT lanes provide an
option for all potential users regardless of income, and only those enjoying the benefit will
pay. Furthermore, if revenues are used to improve transit service in the corridor, it
makes more transit available to others, including those with lower incomes.

Transii impact: HOT alternatives have the potential to fund transit service, so they are
superior to HOV-only. The only potential negative for transit would be if too many toll-
payers were allowed on the HOV/HOT lane and slowed bus service. However, this

possibility can be easily avoided by adjusting tolls upward to reduce usage by
automobiles.
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Conclusions

1.

The travel forecasts indicate that adequate capacity on |-680 exists to sustain HOV/HOT
lanes as a viable alternative. All near-term scenarios indicate that there will be capacity
to allow at least several hundred additional vehicles to “buy into” the planned HOV lanes.

I-680 HOT lanes are financially feasible. HOT lanes generate revenue that more than
covers the cost of operations, and most scenarios generate substantial excess revenues.

I-680 HOT lanes are operationally feasible. Combined HOV/HOT lanes can be operated
in a manner that maintains smooth and congestion-free traffic flow on the HOWHOT
lanes without impairing the functioning of adjacent mixed-flow lanes. Potential negative
impacts can be largely mitigated by adding transition or weaving lanes at the ingress and
egress points of the HOV/HOT lanes. Further coordination with Caltrans and the
California Highway Patrol will be done to assure operational feasibility.

HOT lanes are compatible with HOV lane operations. Toll levels can be adjusted upward
or downward as usage warrants 1o always assure a high level of service in the HOV/HOT
lane. However, the limited access feature does create a complication for HOV users,
because they are limited in the locations where they can enter or exit the HOV lane.

Enforcement can be maintained at a reasonably high ievel. A striped lane separation,
while less effective than a solid physical barrier, could be well enforced with enhanced
highway patrol and electronic collection and surveillance. The study finds that
enforcement is likely to be much more effective than the current enforcement of unlimited
access HOV lanes. There must be further coordination with the California Highway
Patrol to assure adequate enforcement. (The figure on the following page depicts the
lane separation, toll collection, and enforcement treatments envisioned for the project).

HOT lanes can be impiemented with flexibility. With the striped lane separation, it is
relatively easy to change the location, number, and configuration of ingress/egress points
for the HOV/HOT lanes. If begun as a pilot project in the southbound direction, several

- options could be evaluated, tested and modified as necessary.

Implementation faces major challenges. There are numerous institutional challenges to
be addressed before a HOT lane system can be applied to 1-680. The concept is new for
Bay Area decision-makers and will require interagency cooperation on legal, financial,
and operational issues. Specific state legislation will be necessary to authorize the
charging of tolls and implementation of HOT lanes on this freeway.
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CHAPTER 1:
PURPOSE AND NEED

This study considers the feasibility of using a planned high-occupancy vehicle (HOV) lane as a
combined HOV and high-oceupancy toll (HOT) lane. The following description of Purpose and
Need essentially adopts the logic and data from the 1-680 Widening Project Study Report and
Negative Declaration/Initial Study and FONSI/Environmental Assessment prepared by Caltrans,’
as it pertains to traffic conditions and justification for highway widening from 6 1o 8 lanes.
However, it amplifies the statement to the extent necessary 1o explain the purpose and need for
adding the option of pricing to the highway widening concept, in the form of permitting non-HOVs
onto the HOV lane in exchange for paying a toll.

I-680 in this segment between Route 84 and Route 237(often referred to as the “Sunol Grade”)
has experienced a rapid increase in delays in recent years, especially from 1990-2001. Asa
result of a slowing economy, however, the traffic congestion has been to some degree reduced
since this study was initiated in 2001. A majority of commuters on, this segment travel from
housing located in eastern Alameda, Contra Costa, and the San Joaquin Valiey to jobs located
mainly in the Sificon Valley in Santa Clara County and southermn Alameda County. Peak-period
travelers along this segment of 1-680 have experienced heavy congestion during the peak period
in the southbound direction in the morning and the northbound direction in the afternoon.

The Caltrans study (FONSI, August 2000) show southbound peak period bottlenecks developing
by 6 AM and continuing for at least 3 hours. Northbound the peak is approximately from 3:30 PM
to 7:30 PM. Travelers are delayed up to an average of 10 minutes daily. The maximum
individual delays through this section of 1-680 are as high as 33 minutes. The peak mainline
demand is estimated o be nearly 8,600 vehicles per hour (vph), while the peak mainline capacity
for this section is 6,100 vph. It is projected that the annual number of vehicles will increase up to

95% over the next 20 years. Significantly worse delays are expected due to the increased traffic
volumes.

This 1-680 widening project proposes to increase the capacity of [-680 within the project limits by
adding at least one high-occupancy vehicle (HOV) lane in each direction, and improve operations
by adding auxiliary lanes between selected interchanges, widening selected on-ramps, and
installing ramp metering hardware at all of the on-ramp locations. By widening the freeway and
constructing other traffic improvement elements, it is expected that highway users will experience
reduced delays and congestion-related accidents. Caltrans forecasts that the use of the new
southbound HOV lane by year 2025 would range between 810 and 1550 vph at various locations
during the morning peak hour and that no congestion would occur in the HOV lane.

Most of the existing congestion is attributed to high peak period travel demand. With the addition
of new HOV lanes, highway users will have the option to use carpools or express buses to
decrease travel time. The addition of HOV lanes will encourage use of alternative transportation
modes by providing travel-time savings as compared to mixed-fiow lanes.

Caltrans and the Federal Highway Administration (FHWA), in conjunction with the Alameda
County Congestion Management Agency, Contra Costa Transportation Authority, and the Santa
Clara Valley Transportation Authority, have determined that HOV ianes and associated
improvements of auxiliary lanes and improved access to and from local arterials will enhance the
efficiency and safety of this segment of I-680. The added lane capacity will improve traffic
conditions for all motorists in the corridor, not just the users of HOVs.

! Negative Declaration/initial Study (CEQA) Finding of No Significant impact/Environmental
Assessment {, FONSI under NEPA), prepared by California Department of Transportation & U.S.
Department of Transportation, Federal Highway Administration. August 2000,



Vaiue Pricing Lane Goals

The current and projected traffic conditions on this segment of 1-680 establish the purpose and
need for additional HOV lanes. The concept explored in this Value Pricing Feasibility Study
presenis an opportunity to manage those additional lanes more efficiently to achieve several
purposes:
+ Use highway capacity more efficiently
+ Influence rational transportation decision-making by individual users through pricing
mechanisms
+ Provide a cheice to travelers that would ctherwise be unavailable
Generate revenues for corridor transportation facilities or services
* Provide a demonstration project in the regional context.

(1) Use and Manage Capacity More Efficiently: Highway capacity is a finite resource, which
should be managed to gain maximum efficiency and benefit to users. Assuming additional lanes
are constructed, an estimated capacity increase of 1800-2000C vph is available for each new
freeway lane, though the capagcity for an HOV lane is sometimes defined as the somewhat lower
1600-1700 range (see detailed discussion of “HOV Lane Capacity and Volumes” in Chapter 9 of
this report). A HOT lane sysiem offers the opportunity to use this capacity more efficiently, and

this study is designed to determine the feasibility of applying the concept on a specific segment of
I-680.

Even the most successful HOV lanes in California are often underutilized, and this represents &
missed opportunity in taking full advantage of transportation capacity. As HOV lanes, the new |-
680 lanes are expected to be relatively underutilized. The Caltrans long-range (year 2025)
projection shows that the 1-680 HOV southbound lane will be 810-1550 vph.” This assumes the
continued policy of 2+ person carpeol definition; if the carpool definition is changed to 3+ persons,
it is anticipated that HOV lane usage could decline drastically, as it has elsewhere when more
stringent eligibility criteria are applied. A lack of lane usage can lead to public perception that the
fane capacily is wasted and therefore dissatisfaction with the HOV lane concept can grow. In
some locations around the U.S., this perception has led to the complete abandonment of HOV
lane restrictions and their conversion into mixed-flow lanes.

On the other hand, allowing travelers to “buy into™ the HOV lane in exchange for paying atollis a
method for using the excess capacity productively. Single-occupant-vehicles on congested
highways can essentially buy excess space on the HOV lane and experience a faster, more
reliable trip, without jeopardizing the continued smooth functioning of the HOV lane. Because the
price can vary by time of day, day of the week, and even minute-to-minute in “real-timg”
depending on current traffic conditions, the number of vehicles who will buy into the lanes can be
controlled. For example, if an ideal maximum number of vehicles to assure non-congested traffic
conditions in the HOV lanes is 1650 vph and the HOV peak flow is 1400, the price can be set o
aftract no more than approximately 250 vph toll-paying customers; for lower demand time
periods, the price would be lower and the number of aliowable toll-paying vehicles higher.
Variabie pricing applies supply/demand economics to available road space in order to manage
road capacity for maximum throughput and efficiency. .

(2) Encourage Rational Transportation Decision-Making by Individuals: The full cost of an
individual trip on a congested road includes not just a traveler's own time and vehicle operating
costs, but also the costs that each traveler imposes on all other travelers by adding to the level of
congestion. Even though the highway appears to be “iree” to the user, the costs are paid in the
less efficient operation of the systermn and delays experienced by others. The addition of HOV
tanes on the 1-680 corridor will induce some users to form carpocols, take mass transit or shift their

? Ibid. Page E10, Table 7.
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travel to off-peak when the carpool rules are not in effect.  This represents rational decision-
making by travelers to avoid delay.

Pricing is another tool to encourage travelers {0 consider the true cost of their trips. A pricing
concept could be applied to the new HOV lane capacity on 1-680. Individuals who will not or
cannot travel in an HOV or shift their travel times can choose to pay a “user fee” to take
advantage of the HOV lane for which they would otherwise not qualify. For those users, this
represents a rational economic decision that the value of their time {or the value of trip-time
reliability) is worth more to them than the toll they pay.

(3) Provide a choice to travelers: While rational economic decision-making by users is valuable
to the system as a whole, enhancing the range of personal choice is also an important purpose to
be served by variable road pricing. Not all freeway users can arrange their lives to carpool, or at
least cannot do so every day. The option to buy into a priced lane provides a new measure of
choice, freedom, and security to travelers. Studies of existing priced lanes indicate that many
corridor travelers do not choose to pay the tolt every day they use the corridor, but only
occasionally. While some users are willing to tolerate the delays of congestion rather than pay a
toll on many days, there are some occasions when they will want to take advantage of the
opportunity to pay to bypass congestion and insure a fast, reliable trip. There are occasions
when the cost of being late is too high to tolerate. Knowing that the choice to pay a toll and save
time is available can provide a sense of security and control that is not present if the person is
captive to whatever traffic conditions prevail on a given day.

(4) Generate revenues for transportation: No other usage of the highway generates any
revenues, aside from the normal per gallon gasoline tax. Because automabiles have become
more fuel-efficient in recent years, alternative fuel or hybrid vehicles are likely 1o capture an
increasingly share of the auto market, and the gasoline tax generates insufficient revenues to
keep pace with transportation needs, other forms of revenue are being given serious
consideration. Making a toll option available on HOV lanes generates revenues from users who
benefit. Provided that those revenues exceed the cost of coilection, the money can be spent 1o
provide other facilities or services that would otherwise not be available. For example, the San
Diego I-15 variable pricing revenues are fully earmarked for express bus service in the same
corridor. Revenues generated by pricing in the |-680 corridor similarly could be used for bus
service, highway maintenance, freeway improvements or any other purpose deemed appropriate.

(5) Demonstration project in the regional context. The Bay Area currently has 285 freeway HOV
jane-miles. The MTC’s Regional Transportation Plan includes another 240 more lane-miles. Itis
generally accepted that nearly all new freeway lanes constructed in the region in the foreseeable
future are likely to be HOV lanes. Because the Bay Area has committed so many of its
resources to existing and planned HOV lanes, it is imperative that those facilities be operated
effectively and with public support. I-680 widening presents a near-term opportunity to consider
integrating a HOT lane approach into a new HOV lane project from the outset, without the
necessity to convert an existing lane from mixed-flow or HOV-only. This may serve as a test case
for future HOT lanes.
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CHAPTER 2:
EXiSTING CONDITIONS

Current Volumes

Peak period traffic volumes have increased dramatically in the |-680 Corridor since 1994. By the
autumn of 1995, formerly free-flowing traffic became congested over a more than ten mile section
from before 6 AM through 9 AM on weekdays. The corridor quickly became the second, and then
the first, most congested in the entire Bay Area, surpassing even the Bay Bridge and 1-80 in 1999
and 2000. The main cause was the strong job market in southern Alameda County and Santa
Clara County {Silicon Valley) coupled with a lack of available housing. Many employees taking
jobs in Silicon Valley reside in southern and eastern Contra Costa County, eastern Alameda
County and the San Joaguin Valley, due to more affordable housing costs. The 1-680 Corridor is
the only major route that links the jobs in Silicon Valley with emnployees living in these areas.

1-680 daily traffic volumes are shown in Figure 2-1. More detailed data, including individual on
and off ramp volumes are found in Appendix A. The daily volumes range from 138,000 at the
northern end of the study area to 164,000 at the southern end.



Figure 2-1: I-680 Daily Traffic Volumes in 2000
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Peak Hour Directional Distribution

Caltrans collected traffic volumes in late 1999 and early 2000 along the |-680 mainline and on-
and off-ramps, including peak hour flows by hour by direction. Such information has not been
collected systematically over a long period, so long-term trend information for these
characteristics cannot be provided. The true directional distribution is a function of both a
correction for queuing as well as a correction for peak hour spreading (e.g., the shift of peak hour
traffic to other hours due to capacity limitations).

Modeling in the earlier /-680 Major Investment Study, Phase 2 estimated that the 1998 peak hour
directional split in the 1-680 Corridor was approximately 66% southbound and 34% northbound in
the AM peak hour (total demand = 9,300), and 62% northbound and 38% southbound in the PM
peak hour (total demand = 9,600).

Peak period, peak-direction flows on [-680 are typically less than capacity because the traffic is
queued. At times along |-680, per-lane hourly flows drop to 1,400 or even less, even though
counts show that the per-lane capacity of 1-680 is close to the theoretical maximum of 2,200 cars
per lane per hour (I-680 north of the Washington Boulevard interchange). This is consistent with
the Highway Capacity Manual speed/volume curves that show flows of 1,400 cars per lane per
hour occurring both at near the free tlow speed for the freeway as well as approximately 20 mph
under congested, queuad conditions.

Peak Spreading

As commute traffic on highway facilities reaches congested levels, commuters begin to change
their travel patterns by either finding less-congested routes or commuting during off-peak hours.
This second phenomenon, known as peak spreading, has begun to occur on Bay Area freeways. -
it is becoming especially pronounced on 1-680 for which no uncongested, reasonable alternate
routes exist in the study area. The volume sources for these graphs are the Caltrans 2000
volume counts for |-880. The counts are for 1-680 north of Mission Boulevard. The graphs below
(Figure 2-2) illustrate peak spreading.

Peak Spreading: 1-680
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On 1-680 the southbound AM peak period essentially lasted from 7AM to a little after 9 AM in

1991 and in 1994. The 1996 data indicate the peak had extended well past 10 AM, with traffic
volumes also growing during the hour before 7 AM. By 1997 the start of the AM peak was close
to 5 AM. Between 1994 and 1997 the 1-680 southbound volume between 5 AM and ¢ AM
increased from 15,854 to 21,698, a 37 percent increase. Essentially all of this traffic growth
occurred between 5 AM and 7 AM Note that in 1996 and 1997 the peak hour volumes decreased



even while the total peak period volumes increased (this is due to increased gueuing and
congestion in the peak hours with lower corresponding flow rates). 1-680 was widened from four
to six lanes between 1991 and 1994, In 2000, however, the peak period started before 6 AM and
lasted until 10 AM. !t is unlikely that the peak will spread much before or after these times,
because even commuters with flexible schedules eventually need to get to work before noon, and
not much before 6 AM. In the 2000 counts the per-lane flows excesded 2350 cars per lane per
hour in this three-lane section.

Trucks

An earlier analysis® indicated that the 1997 volume of southbound heavy trucks, expressed as a
percentage of the total southbound traffic volume, tends to increase throughout the AM peak
period {even though it decreases slightly as a percentage of the total southbound truck volume).
As the Highway Capacity Manual indicates, trucks use more freeway capacity than do standard
passenger vehicles. The manual includes passenger car equivalents (PCE’s) for trucks: one
truck equals 3.0 passenger vehicles over rolling terrain (such as the Sunol Grade), and 1.5 over
level terrain. Using these factors increases the effective vehicular volume on 1-680 by two to four
percent in the more level areas, and by sixteen percent over the Sunol Grade.

Average Vehicle Occupancy

Caltrans has counted vehicie occupancy on 1-680 since 1998, and the values have not changed
noticeably except for PM peak occupancy between 2000 and 2001 in the northbound direction.
Vehicie occupancy has been counted on the Sunol Grade in both directions (at the truck weight
station}. The March 2000 occupancy northbound in the PM peak was 1.36 from 310 4 PM,
dropping to 1.33 between 4 and 5 PM, and to 1.25 after 5 PM. High occupancy vehicles
accounted for 18% of all vehicles. About 40% of all person trips were carried in high occupancy
vehicles, including buses and vanpools. Trucks and motorcycles are excluded from all totals. in
March 2001 these values had dropped to 15% high occupancy vehicles carrying 27% of all

person trips. Average vehicle occupancy is 1.25 from 3 to 4 PM, 1.27 from 4 to 5 PM, and 1.22
after 5 PM.

In the southbound AM peak period, vehicle occupancy is guite low in comparison. Vehicle
occupancy in March 2001 was 1.12 from 6 to 7 AM., and 1.09 after 7 AM. About 18% of all

person trips are carried in the 8% high occupancy vehicles betore 7 AM, dropping to 15% after 7
AM.

In 1997 average vehicle occupancy rates were surveyed and found to be higher than 2001 jevels
with the AM peak occupancy north of SR 84 approximately 1.25 before 8 AM, and dropping to
1.14 after 8 AM. The occupancy of |-680 northbound at Automall Parkway in March 1997 was
found io be 1.35 in PM peak, similar 1o later Caltrans surveys.

Video surveys were made of commute traffic on 1-680 in the AM peak periods in 1898 and 2001.
Vehicle occupancy rates on [-680 southbound from the video survey on the Sunol Grade were
1.17 in 1998 with 26% of all person trips in high occupancy vehicies (14% of vehicle traffic). On

northbound [-680 in the AM peak period in November 2001, average vehicle occupancy was 1.17
as well.

Southbound AM Peak Travel Times and Speeds

Floating car studies have been performed on southbound 1-680 in 1997, 1998 and 2001 during
the AM peak period by Caltrans. Figure 2-3 below shows travel times between Stoneridge Way

% Value Pricing Feasibility Study for I-680 Corridor Project. Task 3: Existing Conditions, by TJKM
Transportation Consultanis. July 2002.
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in Pleasanton and Calaveras Boulevard in Milpitas for 1997 and 2001. The distance is 20.7
miles, so at 85 mph, the travel time between these two points would be 19 minutes.

The southbound AM congestion is fairly apparent from this graph of the results of 14 runs in 1997
and 22 runs in 2001 between 5 AM. and 11 AM. The maximum time in 1997 was 70 minutes
when the survey vehicle started south at 7 AM and 7:15 AM, Maximum travel times in 2001
were 56 minutes for runs starting at 8 AM and 8:30 AM. There is little apparent congestion much
before 7:30 AM in 2001 versus 5:45 AM in 1997. In 1987 commuters starting their shift at 6 AM
traveling to the NUMMI manufacturing plant in Fremont backed up on Mission Boulevard onto the
right-most 1-680 southbound mainline lane, thereby reducing the mainline to only two effective
lanes for all southbound traffic. Once this queue was started it was maintained through 9:30 AM
hecause as southbound Mission off ramp volumes fell, Mission Boulevard southbound on ramp
volumes climbed, which effectively maintained this location as the master bottleneck in the
system.

The first phase of 1-680 improvements was the southbound auxiliary lane between Automall
Parkway and Mission Boulevard. Queued traffic headed to NUMMI can be stored in the auxiliary
lane, thus permitting traffic to flow on the three southbound lanes. Traffic continues to flow freely
until almost 7 AM. The congested time period lasts from 6:00 AM through 10:30 AM, or four and
one-half hours. Congested speeds are essentially travel times of 25 minutes or more (average
speeds less than 50 mph, or Level of Service F}.

It should be noted that peak period traffic volumes have probably dropped from levels recorded in
early2000 when there was booming economic growth and full employment in Silicon Valley. In
early 2000 the auxiliary lane had yet to be constructed, and traffic levels were 25% to 35% higher
than in 1997. Today traffic levels are still probably higher than 1997 but less than 2000. Inthe
absence of data it is not possibie to separate out the influence of the auxiliary lane and the
apparent drop in peak period traffic volumes from early 2000. The average AM peak hour speed
from I-580 to Calaveras is 18 mph.

Northbound PM Peak Travel Times and Speeds

Fioating car surveys of northbound PM peak period congestion are less complete than were the
southbound surveys. Surveys for northbound PM peak travel times were taken at various times



between October 2000 and November 2001. Not all northbound runs were taken for the full
length of the route from Calaveras to 1-580; most were taken just from Calaveras to Vargas Road
at the top of the Sunol Grade, a distance just over 9 miles. Congestion for the entire route is
signified by travel times in excess of 25 minutes, as with PM conditions, while congestion for
travel times between Calaveras and Vargas are travel times in excess of 11 minutes (speeds less
than 50 mph}. In an eartier report, /-680 Major Investment Study, Phase 2 conducted by the
Metropolitan Transportation Commission between 1999 and 2001, a calibrated CORSIM model
indicated a northbound PM peak hour travel time from Calaveras to 1-580 as 44 minutes, or an
average speed of 28 mph for the year 2000. Floating car studies for this same route in 2001
indicate a peak hour travel time of 39 minutes. Figures 3-4 and 3-5 below show surveys for the
entire route as well as for the 9 mile section from Calaveras to Vargas in 2001. The model output
was for the peak hour speed, not the peak period speed. The northbound PM peak traffic
congestion is not as severe as in the southbound PM peak for several reasons:

the queuing back onto 1-680 does not occur from the crossing arterial routes,

north of the SR 238 interchange, more traffic generally leaves I-680 than gets on, so speeds
are relatively high north of the Sunol Grade, and

» peaking is less abrupt, and the peak spreading in the PM peak lasts longer than in the AM

NB 1-680 Travel Times to }-580 I-680 Travel Times to Vargas
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Northbound congestion lasts from 3 PM through 7 PM with travel times greater than 25 minutes.
Similar results apply for floating car surveys from Calaveras to Vargas as well. Average peak
hour speeds for northbound [-680 are 32 mph from Calaveras to I-580, and 27 mph from
Calaveras to Vargas Road. The average peak hour speed in the CORSIM model is siower at 28
mph. The PM peak hour average speeds are almost 80% higher than the AM peak hour speeds.

User Characteristics

In addition to the data on volumes and speeds, users were surveyed during the AM peak periods
in 1998 and 2001. These surveys were taken using video cameras recording license plate
numbers of all cars traveling on |-680 and 1-880 at selected points. Surveys were taken in 1998
on the Sunol Grade for AM traffic on I-680, and in 2001 for southbound {-880 north of Automall
Parkway and for northbound 1-680 south of Montague Expressway. The registered owners of the
surveyed vehicles were contacted and asked to return a questionnaire regarding their trip origins
and destinations, trip purpose, and other trip characteristics. The detailed resulits are shown in
Appendix A, Task 3: Existing Conditions. The most noteworthy result is that the tongest average
commute distances are clearly on southbound I-680 over the Sunol Grade. An estimate of the
average total trip lengths for these users is approximately 34 miles, while average trip lengths for
northbound 1-680 are approximaiely 20 miles.

On southbound I-680 94% of all AM peak period trips are home to work related with another 3%
of the trips traveling from work to work {most iikely truck responses).
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For comparative purposes with a nearby paralte! route, on imerstate 880 southbound, 90% of all
trips were home to work, with 5% for home-based other purpose. The remainder was non-home-
based trips to work (3%) and the remaining 2% are other to other. For 1-680 northbound 86% of
the trips are home-based work related, with an additional 7% home-based other. Another 4% are
other-based work related, with the remainder (3%) as other to other. In summary, for all locations
the work-related commute trips represent at least 90% of the trip purposes.

10
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CHAPTER 3:
STATE OF THE ART REVIEW

The Concept of Value Pricing

Transportation policy makers and economists view “value pricing” (also referred to as “congestion
pricing” “variable pricing”) as one option to address urban highway congestion. The concept
applies simple supply-and-demand analysis to transportation economics, using price to signal the
value of meeting demand during peak time periods. Of course, many aspects of our economy
apply some version of the principle that access to a facility or service should reflect the demand
placed on it at different times. Telephone service, for example, charges different rates for
different times of day or days of the week. Public power utilities, airlines, hotels, movies, etc. vary
their prices by time of day or season — in some cases, seeking to shift demand from peak periods
1o off-peak, in order to improve efficient utilization of the facility and maximize revenue. Pricing in
those contexts seeks to allocate scarce capital assets to meet demand over time. in that sense,
road pricing is simply a way to improve the management of limited road capacity.

When roads are uncongested, consideration of road pricing is generally viewed as academic. But
in an era when roads are congested and transportation finance insufficient 10 keep pace with
demand, the concept of road pricing becomes more than just an academic exercise. The full cost
of an individual trip on a congested road includes not just a traveler's own time and vehicle
operating costs, but aiso the costs that each traveler imposes on all other travelers by adding to
the overall level of congestion. A congestion price is a user charge based on a user's perceived
cost when entering the traffic stream and the actual congestion cost created by the traveler's
entry onto the system. Road pricing can result in more efficient use of limited road capacity by
encouraging those who value their trips at less than their full cost to shift to off-peak periods,
mass transit, carpooling, and/or less congested routes.

Determining optimal congestion prices exactly is difficult. Estimates can be based on the traffic
engineering research that deals with the relationship between travel delays and traffic volume.
Analysts have derived estimates of "optimal” congestion prices on the order of 15 to 30 cents per
vehicle mile of travel on congested highways and expressways, off-peak prices are in the range
of six cents per vehicle mile. However, actual optimal prices could vary widely for each local

context, based on degree of congestion, local incomes, availability of alternate routes or modes,
etc.

Although the economic theory behind pricing is clear, the actual goals of any real-world project

will often be mixed and diverse, including political as well as economic considerations. Goals
may include:

e Traffic congestion relief

s Inducement of mode shift or travel-time shift

o Better utilization of existing highway lanes, including “protection” of HOV lanes from
conversion to mixed-flow due to public perception of their underutilization

Justification for new HOVW/HOT lane capacity, if HOV demand alone would be insufficient
Raising revenues to pay for new roadway capacity

Raising revenue for improved transit service

improving air quality

Encouraging electronic toll collection to improve traffic and collection efficiency

e & & & @

Recent History

Despite its common use in many sectors of the economy, value pricing for roads is a relatively
recent practice. Singapore first implemented value pricing in 1975. in the 1990s Norway and
France began using variable pricing; in 2003 downtown London began a daytime central city
electronic toll collection system; and other countries, including the Netherlands and New Zealand

i1



are seriously undertaking pricing projects. In the U.S. a variabje-priced tolt road opened in late
1995 on a portion of State Route 91 in Orange County, California, and in 1997 on Interstate 15 in
San Diego. In 2001 the Port Authority of New York and New Jersey instituted a variable
electronic toll structure that gave discounts 10 off-peak users of metropolitan bridge and tunnels
($5 peak, $4 off-peak tor electronic tollpayers, $6 for all cash tolipayers).

The Intermodal Surface Transportation Efficiency Act of 1991 (ISTEA) authorized the Federal
Highway Administration (FHWA, a division of the U.S. Department of Transportation) to fund a
series of pilot projects using pricing concepts. The program was continued and expanded under
the Transportation Equity Act for the 21st Century (TEA-21) in 1998. The objective of these
programs is to test and evaluate pricing concepts in a variety of settings nationwide, on an
experimental or pilot project basis. Funding was available for both studies and implementation.
Studies were undertaken in many regions, including Atlanta, Dallas, Denver, Los Angeles, Miami,
Minnesota, Phoenix and San Francisco. A proposal to include a budget and some version of the
pricing program is part of the reauthorization process for the successor to TEA-21 in 2003

In the San Francisco Bay Area, federal funds were granted to conduct several studies including
the San Francisco-Oakland Bay Bridge Congestion Pricing (1994); Sonoma/U.S. 101 Variable
Pricing {1998) and Marin County/U.S. 101 Variable Pricing {1898-2000); and 1-880 Value Pricing
(2000) and the current I-680 study. Studies also have been undertaken on several corridors in
southern California, including SR 57 and SR 91 (extension} in Orange County, 1-15 {extension) in
San Diego, and SR 14 in Los Angeles County.

Why Pricing Now?

Many recent forces and policy goals have caused transportation authorities to consider value

pricing. These include:

+ Rapid growth in urban travel demand

e High cost of constructing additional urban road capacity, often in highly constrained rights-of-
way

« Environmental or neighborhood objections to roadway construction and expansion
Availability of new electronic tolling technologies that greatly reduce implementation costs -
and streamline collection '
Desire for cost-effective strategies to reduce air poliution and energy consumption :
Need for better management of existing or planned facilities, especially those including HOV
components

« Need for new transportation revenue sources to build and operate new facilities or services

Although value pricing holds great promise as a way of rationalizing the use of scarce urban road
space, many metropolitan areas have been reluctant to implement because of institutional
barriers and the lack of political acceptance. Critical political and institutional issues include
public opposition to any new fees (especially for roads perceived as having “already been paid
for"), geographic and economic equity concerns, lack of regional transportation coordination, and
the absence of alternatives to driving alone during peak periods. in many areas, unfamiliarity with
any kind of tolling of roads is a major barrier to public and elected officials’ understanding and
acceptance of the concept. Nevertheless, the problems faced by all other measures to relieve
traffic congestion cause pricing to be an option that attracts continued attention.

Different Pricing Concepis

Implementation of congestion pricing may take a number of forms, as illustrated below, but ali

share the objective of reducing traffic congestion:

* Single facility pricing involving a bridge, tunnel, highway, street, or intersection

+ Multiple facility or area pricing by creating a “cordon” around an urban core area or even a
regional application (Singapore, L.ondon, and Norway examples)

12
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» Single corridor pricing involving a major highway and possibly paralle! arterials
« Pricing on new facilities, currently tolled facilities, or on currently free facilities

If the main objective of pricing is to reduce congestion, price levels and differentials between peak
and off-peak must be set high enough to have a significant effect on congestion. Projects on
existing toll facilities might involve a combination of peak-period surcharges and off-peak
discounts. If the main objective is to make more efficient (but not necessarily optimal) use of road
capacity, price levels should be set iow enough to attract substantial users without generally
impairing free-flow conditions on the priced lanes. There cbviously are public policy as well as
economic considerations in price-setting for use of public roads.

The pricing concept of allowing single-occupant vehicles (SOV) to "buy into” existing, under-
utilized high-occupancy vehicle (HOV) lanes is receiving much attention. Typically, free access
would be maintained for HOVs and the primary commitment to HOVs would not be compromised.
Toll-paying SOVs would be allowed to buy access to the HOV lane with foll rates indexed to the
level of congestion. This concept is commonly known as a “high-occupancy-toll” or “HOT” lane.

It is essential that a HOT lane fee structure preserve the travel time advantage for the HOV lane
relative to the mixed-flow lanes. The current HOT lane examples demonstrate that users are
willing to pay a toll to avoid congestion even when there is an adjacent “free” but congested

highway alternative, and at the same time there are no adverse impacts on HOV users of the
lane.

Examples of Implemented Pricing Projects

1. State Route 91 “Express Lanes” in Orange County, California. This 10-mile long privately
funded and managed toll facility opened in December 1985. It consists of the four inside lanes of
a freeway corridor, two in each direction, which are separated by a pyloned buffer from adjacent
lanes. The remainder of the freeway is four lanes in each direction. There are no enfrances or
exits to the Express Lanes other than at the end points. In January 2003 the private company
sold the facility to a public agency, the Orange County Transporttation Authority, but the private
firm has continued as the facility operator.

The SR 91 freeway is extremely congested during peak commute hours. The SR 91 Express
Lanes charge users between $1,00 and $4.75 per trip ($0.475 per mile) depending upon time of
day, 1o refiect the level of congestion delay avoided as compared to the adjacent free lanes.
HOVs with three or more occupants were aliowed to travel for free from the opening of the facility
until January 1998, when a half-price toll charge was instituted, This project is the first fully
electronic and automated toll road in the U.S. The Express Lanes priced facilty is physically
separated from the parallel unpriced freeway by a 4-foot wide painted buffer area. The butfer
area inciudes permanently placed 24-inch plastic traffic pylons placed at 20-foot intervals. The
“wall" of pylons makes it difficult for violators to traverse the painted buffer. Two-axie commercial
vehicles under 10,000 pounds gross weight are permitted on the Express Lane and commonly
observed, but the number using the facility is unknown.

Studies of the SR 91 Express Lanes operations have revealed the following observations:

«  While traffic volumes on the facility continued to increase, pricing changes were successful in
maintaining free-flow conditions. _

+ The peak direction Express Lanes carry more than 40% of the total SR 91 traffic, though they
constitute only 33% of the SR 91 capacity.

» Travelers were selective in deciding when and under what conditions to use the Express
Lanes. About half of the customers used the lanes once a week or less.
Frequency of use was correlated with income, but there were users at all income levels.
Female commuters are significantly more likely than male commuters to be frequent users.

Gross revenues grew from $7.1 million in 1996 to $29 million in 2002. Operating income
grew from $733,000 in 1996 to $17.8 million in 2002.
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¢ The annual number of users grew from 5.7 million in 1996 t¢ 9.5 million in 2002.

2. Interstate-15 HOT Lanes in San Diego, California. In December 1996 an existing 8-mile,
barrier-separated, underutilized 2-lane reversible HOV facility was converted to high-occupancy
toll ("HOT") lanes. At the beginning of the experiment, a limited number of drivers were offered
the opportunity to purchase “Express Pass” permits for a monthly fee of $50, which was then
increased over several months to $70 due to high demand, The permits allowed a single-

occupant vehicle to use the HOV lane during peak hours. The demand for permits far exceeded
the number sold.

Electronic tolling was implemented in late 1997, and in 1998 the program began using “dynamic
pricing.” Dynarnic pricing means that, instead of a predetermined toll rate, the rate fluctuates
according to the amount of traffic actually on the road during that particular time of day. An
electronic message board displays the fare to drivers at the entrance. The average peak-period
price is approximately $4.00 ($0.50 per mile}, though on rare cccasions (usually when a serious
traffic incident caused severe congestion) the price has gone as high as $8.00, the maximum
allowed. HOVs continue to ride for free. By the nature of the reversible operation, this roadway
is separated from adjacent lanes by permanent concrete barriers, with ingress and egress only
available on either end. Two-axle commercial vehicles are permitted on the HOT lanes. There
are approximately 50 commercial accounts among the 10,000-member account base, including
some major fleets such as UPS and the U.S. Postal Service. Extending the |-15 Express Lanes
for an additional 10 miles, with intermediate access locations, is under serious consideration.

According to surveys of Express Lane toll users, they have the foliowing demographic
characteristics, compared to general-purpose freeway lane users: higher incomes, predominantly
in the 35-54 age range, homeowners, two-vehicle households, and more likely to be female.
Their average per week trips using the Express Lanes was between 4.6 and 5.3 in the surveys

taken over a 2-year period. Among current paying users, 88% and over two-thirds of other 1-15
users support the existing HOT lanes.

3. Quickride - Kaly Freeway, Housion, Texas. Similar to the San Diego program, in January 1998
the Metropolitan Transit Authority and Texas Department of Transpertation (TXDOT) opened a
13-mille reversible, barrier-separated HOV lane on the Katy Freeway (Interstate 10) to two-person
carpools for a fee during the most heavily congested AM and PM peak hours. Ingress and
egress are at either end of the HOV lane (no intermediate access). Carpools of three of more
ride for free, and singte-occupant vehicles are not eligible to use the lane. Previously, carpools of
two or more were permitted to ride for free, but the policy was changed 1o three-plus to reduce
traffic on the HOV lane due to overcrowding by two-person carpools. The “Quickride” lane uses
windshield transponders 1o charge $2.00 per trip ($0.20 per mile). Three-plus carpools continue
to ride for free. The reversible HOV/HOT lane is separated from the mixed-flow freeway lanes by
three-foot high concrete barriers. Houston extended the Quickride application to another HOV
lane facility on US 290, also allowing two-person carpools to buy into the lane.

4. Lee County, Florida. The Florida Department of Transportation instalied electronic toll
collection on two existing toll bridges and offers a 50 percent discount for use during non-peak
traffic hours. Under the pricing plan, a 50 percent toll discount is provided for trips made during
the half-hour period before the morning peak (7:00 - 9:00 AM) and in the two-hour period
following the morning period. In the evening, the discount period is two hours before the evening
peak (4:00 — 6:30 PM) and one-half hour after the peak. The pricing strategy has caused drivers
to shift trips to the shoulders of the peak, leading to improved service for bridge users. Lee
County is now considering a priced “queue-jumping” lane.

5. New York/New Jersey Toll Bridges and Turnpike. In March 2001 the Port Authority of New
York and New Jersey instituted variable pricing for all bridges and tunnels between the two
states. The price variations were available only to users of electronic toll collection equipment.
The policy had a dual purpose: (1} Encourage use of electronic transponders to ease collection
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and improve traffic flow; (2) Encourage a shift in travel from the peak-period into the shoulder or
off-peak. The toll structure is: $4 off-peak, $5 peak, $6 for cash payers. Preliminary indications
showed a modest shift (about 4-7%) shift from peak to off-peak trips, but a significant increase
(from 46% of transactions before variable pricing to 79% after) in the use of electronic toll
technology and in carpool transactions (21%). The New Jersey Turnpike instituted a similar
program with slight discounts for off-peak periods. Analysis is underway 10 assess the long-range
impact of these programs.

In addition to the implemented projects there have been a number of pre-implementation studies
done around the nation. They include major studies in the San Francisco Bay Area, Santa Cruz,
Minneapolis, Los Angeles, New York City, Colorado and Oregon.

Furthermore, in February 2003 the Reason Foundation issued a report advocating a nationwide
network of HOT lanes. * The Reason Foundation proposal postulates a HOT lane network in ten
major metropolitan areas, including conversion of existing HOV lanes and new facilities to
HOT/Bus Rapid Transit lanes. While much more comprehensive and not directly comparable to
the analysis in this 1-680 Variable Pricing report, it is interesting to note that the Heason
Foundation’s peak direction toll calcutated for the entire San Francisco Bay Area is 38 cents/per

mile, which is very close to the per mile peak toll level shown by the analysis for I-680 HOT lanes
in Chapter 8 of this report.

l.essons Learned

A number of instructive lessons have been gleaned from the several projects that have been
implemented and the many projects studied but not yet implemented:

1. Difficulty of Implementation. Severe traffic congestion and/or relatively underutilized HOV
lanes are conditions conducive to consideration of a HOT lane in a given corridor.
However, those conditions are far from sufficient to give a HOT lane a high likelihood of
implementation. This is a difficult concept to put into practice, no matter how theoretically
logical it may appear to traffic engineers or economists.

2. Need for a champion. In those cases where a HOT lane has been implemented, there
was a strong political or institutional “champion” of the project. In those much more
numerous cases where the concept has been studied but shelved, there has generally
been relatively little overt opposition to the idea, but neither the business community nor
elected officials demonstrated great enthusiasm or a sense of urgency about pursuing
implementation. This meant that there was no driving force to push the project forward or
overcome skepticism and the inertia of the status quo. Even where there was a state
legistative mandate to implement pricing on 1-25 in Denver, Colorado, local opposition for
reasons unrelated to the concept of pricing has been enough to stall implementation.

3. Diverse motivations are at work. The motivation for projects that have been successfully
implemented has been, at least in part, something other than a desire to allocate road
capacity efficiently. In the case of SR 91, the private toll franchise was awarded as a
result of frustration about delays in financing additional freeway capacity for a corridor
where there was severe congestion and a public demand for more capacity; so private
investment was sought, and the investor realized that a variable toll structure made the
most sense economically. in the case of the New York/New Jersey bridges and tunnels,
the motivating factor was at least as much to encourage use of electronic transponders to
ease collection as it was a desire 10 test the impact of variable pricing.

4 HOT Networks: A New Plan for Congestion Relief and Better Transit, by Robert W. Poole, Jr.
and C. Kenneth Orski, February 2003, )
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Availability of excess road capacity is crucial. The presence of significant excess road
capacity is critically important.  If the HOV lane is already heavily used and near
capagcity, there will be serious concerns about selling the remaining excess capacity. I
decision-makers perceive that there might be a significant demand for HOV capacity in
the future and therefore little or none available to sell, they will be reluctant to take a
chance on embarking on a HOT lane program. On the other hand, if there is substantial
HOV lane capagcity but still not substantial time savings to be gained during peak hours in
using the HOV lane, then SOVs will be reluctant to pay for the use of the capacity. The
ideal situation for a HOT lane is constant, heavy congestion for several hours in mixed-
flow lanes, adjacent to relatively empty HOV lanes.

Intermediate access issues complicate the design. The HOV/HOT lane design with only
one entrance and one exit is simpler to implement than a design with multipie
intermediate access points. Frequent or continuous access and egress greatly
increases the complexity of managing and enforcing a HOT lane. lssues of effective toll
collection, enforcement, and separation between mixed-flow and HOV/HOT lanes are
raised whenever intermediate access is a possibility. To date, the only HOT lanes in
operation have no intermediate access.

Revenues can vary widely. Depending upon the degree of congestion, time savings,
reliability, and form of pricing, revenue potential can be lower or higher. The ideal
sifuation for maximum revenues is substantial and reliable time savings, and highty
variable pricing, preferably dynamic on a real-time basis, to reflect actual traffic
conditions. A low-tech, permit system is likely to produce far less revenue than electronic
tolling, though it is also less expensive to put into place. The San Diego i-15 experience
of starting with permits to introduce the concept and then shifting to electronic toll
collection with dynamic pricing is a model of low-risk but ultimately successful
implementation.

Enforcement can be complex and can be expensive. When the highway patrol is
contracted to be the principal means of enforcement, the patrol officers generally regard
this task as a distinctly secondary part of their duties. Video enforcement, on the other
hand, can be quite expensive and lacks the immediate deterrent impact of a traffic stop
and citation, both on the viclator and on other potential violators. Enforcement is easier
when there is no intermediate access to the HOT {ane. Nevertheless, the HOT lanes

currently in operation do experience very low violation rates and high levels of customer
and operator satisfaction.
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CHAPTER 4:
ALTERNATIVES

Project Background

This chapter investigates design concepts for providing HOV and HOT lanes on the 1-680 corridor
from Route 84 to Route 237 (Calaveras Boulevard) in Santa Clara County for a total length of
approximately 14 miles (22.4 kilometers). Currently, -680 within these limits provides a 6-lane
facility with three through lanes in each direction, pius one interim, non-standard HOV lane in the
southbound direction from Route 84 to Route 237. Whatever HOV lane configurations are
considered dictate the HOT lane options, because all HOT lane options simply permit foll-paying
vehicles on what would otherwise be solely HOV lanes.

Caltrans is planning to widen I-680 to provide one standard HOV lane in each direction. 1-680
within the above limits is frequently congested during the commute hours and with the anticipated
future travel demands, the traffic growth will further the duration and length of congestion along
the corridor. An interim southbound HOV lane was opened in December 2002, and construction
bringing the southbound lane up to full freeway standard is expected o be completed in 2007.

Calirans is currently preparing an environmental document (EIS/EIR) for the northbound
widening.

The currently funded southbound improvements are being implemented in several phases. The
environmental document for the southbound HOV was approved in September 2000. The initial
phase constructed an auxiliary lane between Mission Boulevard and Automall Parkway. This
phase opened in early 2001, The second phase, completed in December 2002 and now open to
traffic, constructed shoulders to allow for an interim HOV lane from Route 84 to Route 237. The
next phase will construct most of the proposed soundwall in the corridor. The final phase will
widen structures and shoulders to final roadway width for HOV and additional auxiliary lanes.
Ramp metering is included in this phase.

The corridor traverses through both flat and rolling terrain within the study area. Of the 14 miles of

the corridor, about 6.4 miles provide separate grades (split grades) between the northbound and
southbound roadway sections at various locations.

HOV lane cross-sections vary depending upon the design and size of existing overcrossing
structures and/or the iocation of columns in the median.

Following are summary descriptions of the basic alternatives that have been under consideration
by Caltrans in its environmental study, plus a summary of advantages and disadvantages of

each. The lane configurations and lane separation characteristics are depicted in Figures 4-1
through 4-8.

Alternative A-1: HOV-only, continuous access.

This is the basic widening to add one HOV-only lane in each direction (Figure 4-1). There wouid
be no HOT vehicles permitted in the lane. Access to and from the lane from adjacent mixed-fiow
lanes is continuous and unlimited. This describes most HOV lanes currently in operation in the
San Francisco Bay Area region, and it represents the “base case” for the study.

Alternative A-2: HOV/HOT, continuous access

The first HOT lane concept (also Figure 4-1) included in this assessment is utilization of the basic
HOV project for one HOV/HOT lane in each direction, with no reversible lanes. There is no
physical barrier between the HOVW/HOT lane and the adjacent mixed flow lane, nor is there any
other limitation on access at any location through striping or otherwise.  Littie modification of the
current HOV-only plan is necessary to incorporate a HOT concept on this project.
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Advantages:
* Low cost alternative and easy to implement (no physical barriers or additional right-of-
way)

« Continuous HOV ingress and egress access provided for the entire length of the project

Disadvantages:
+ Without physical or buffer separation of HOT lanes from general purpose lanes, toll
collection and enforcement become much more difficult.

s Unlimited opportunity for weaving between HOV/HOT lane and mixed flow-lanes
throughout the facility

Alternative A-3: HOV/HOT, limited access, solid yellow striping,

This alternative (Figure 4-2) would separate the HOV/HOT lanes from the mixed-flow lanes with a

two-to-four-foot buffer zone with sclid double yellow stripes. ingress to and egress from the
HOV/HOT would be limited to only one entrance and one exit for the entire 14-mile freeway

segment. The barrier to limit crossing to and from the HOV/HOT iane would be depicted on the
pavement by solid double yellow stripes, as well as reinforced by signage.

Advantages:
* Low cost alternative
» Can be easily modified to move location of ingress/egress if traffic operations require

» Easy for emergency and law enforcement vehicles to access HOV/HOT lanes and
shoulders

Disadvantages: .
e Limited access locations for HOV users could discourage some HOVs from entering.
+  Without physical separation of HOT lanes from general-purpose lanes, toll collection and
entorcement are more difficult than it would be with a positive physical barrier.

Alternative A-4: HOV/HOT, one intermediate access, solid yellow striping.

This is identical to A-3 (also Figure 4-2), except that that it provides at least one intermediate
ingress/egress location approximately halfway through the 14-mile freeway segment. Changing
the location of the intermediate access point, or adding more intermediate locations if traffic
patterns warrant, would be easily accomplished by restriping under this aliernative.

Intermediate access could be provided at any appropriate location along the freeway segment.
The most plausible location appears initially to be at the Route 262 (Mission Boulevard)
interchange, because there is significant on/off activity at that interchange. However, the location
of intermediate access is subject to further analysis. Intermediate access is applicable to all of
the other Alternatives below, except for contra-flow lanes.

Advantages:
+ Low cost alternative
+ Can be easily modified to move location of ingress/egress if traffic operations require
o FEasy for emergency and law enforcement vehicles to access lanes and shoulders

Disadvantages:
+ Limited access locations for HOV users could discourage some HOVs from entering.
*  Without physical separation of HOT lanes from general-purpose lanes, toll collection and
enforcement are moere difficult than it would be with a positive physical barrier.
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Pylons plus striping

Another variation for lane separation in Alternatives A-3 and A-4 is the addition of an additional
form of lane separation to simple striping. Besides solid striping, the HOT/HQV lanes could be
separated from the mixed-flow lanes with a bufter zone that includes plastic pylons placed
approximately every 20 feet. Similar to striping-only, ingress and egress would be limited to only
one or two locations and would be depicted by the absence of pylons, breaks in the striping, and
signage. Pylons are easily damaged, however, and need to be replaced at a high rate, so costs
and safety complications in maintenance must be taken into consideration.

Advantages:
« Low cost alternative, compared to physical barrier
« More effective than striping alone to deter to lane-crossing and toll evasion

Disadvantages:
s Limited access locations for HOV users
« High cost and safety issues in maintaining plastic pylons

ALTERNATIVE B

Under this alternative (Figure 4-3), the northbound and southbound HOV lanes will both serve
HOV and HOT vehicles traveling south in the AM peak hours and traveling north in the PM peak
hours. The contra-fiow lanes will be provided by use of movable concrete traffic barriers for the
southbound AM HOV and northbound PM HOV lanes. During off peak periods, the movable
barriers would be placed next to the median barriers. On the low side of split sections, where no
median barrier exists, the movable barriers would be placed at the edge of the shoulder.

Access will be provided only at the beginning and end limits of the project in the direction of the
contra-flow lane, though the other direction with the concurrent, mixed-flow lane could have
intermediate access.

Each of the proposed HOV and HOT lanes will provide 12-foot (3.6 meter) standard lane width;
however, shoulder widths ranging from minimum to standard widths are proposed. The proposed
minimum shoulder widths will require approval of Caltrans design exceptions.

Advantage
* Two lanes of HOV/HOT capacity for peak period traffic

Disadvantages:
« Moveable barrier placement and removal make one lane at least nartially unavailable for
traffic during the barrier placement and removal operations.
« Contra-flow lane provides no intermediate access at any time.
» High capital and operational costs, compared to striping/pylon separation treatments

ALTERNATIVEC

Under this alternative (Figure 4-4), a two-lane center section with fixed barriers on both sides
accommodating the reversible traffic will be constructed, similar to I-15 in San Diego. Because of
jong weaving section requirements along the freeway for ingress and egress, it would not be
possible to create frequent openings along the fixed barriers and provide access 1o all
interchanges along 1-680. This alternative operates best with the ieast number of ingress and
egress locations to provide simple freeway and HOV and HOT operations. One intermediate
ingress and egress area might be included where most HOV/HOT demand is anticipated,
possibly at Route 262/Mission Boulevard.
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Similar to Alternative B, the traffic would trave! south in the AM peak hours and north in the PM
peak hours and transition tapers will be constructed at the beginning and end of the project. It will
include two standard 12-foot lanes.

Advantages:
«  Two lanes of HOV/HOT capacity in peak period tratfic
Potentially safer and more permanent solution to higher design capacities
Low comparative operating cost
High degree of control in lane access, resulting in effective enforcement.

Disadvantages:
» High capital cost

« Fewer ways to gain access into and out of the lanes, less flexibility

it is also possible to mix and match Alternatives B and C. An example of such aiternative would
be a two-lane fixed barrier (Alternative C) from the northern limit of the project to Route 262 and
the moveable barrier (Alternative B) from Route 262 to the end of the Project at Route 237. The

final configuration would depend on a HOV demand, and egress and ingress analyses.

ALTERNATIVE D

Under this nine-lane alternative (Figure 4-5) a one-lane center section with fixed barriers on both
sides accommodating a reversible traffic lane is added to the basic 8-lane freeway widening.

The remainder consists of one conventional HOV and three mixed-flow lanes in each direction.
The one-lane reversible center section will accommodate a combined HOV/HOT or an exclusive
HOT lane and can be designed either with ingress and egress only at each end of the corridor, or
with intermediate access. It will include a standard 12-foot lane, and a total inside and outside
shoulder width of 10-foot and two concrete barriers. The direction of the lane will be switched
twice per day, once before the AM peak begins and once before the PM peak begins.

Advaniages:

« Continuous HOV ingress and egress access for the entire length of the project in the non-
reversible HOV lanes, allowing maximum flexibility for HOVs

« More capacity to accommodate higher anticipated demand
* Low operating cost, compared to moveable barriers
« High degree of control in lane access, resulting in effective enforcement

Disadvantages;
¢ HOT lane access is limited.
+ High comparative capital cost

Alternative E

This nine-lane alternative (Figure 4-6) uses a moveabile barrier on one side of the freeway
median to reverse the direction of the ninth lane to accommodate the peak flow. During the
morning peak the barrier is stored directly adjacent to the median and the fifth southbound lane
{the ninth lane) is used as a HOT or HOV/HOT lane. During the PM peak the moveable barrier is

piaced outside the fifth southbound lane and becomes a contra-flow lane in the northbound
direction.

Advantages:

s HOV ingress and egress access provided continuously for the entire length of the project
in the non-reversible HOV lanes

« More capacity to accommodate higher demand
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Disadvantages:

« High capital cost, compared to striping/pylon separation treatmenis
» High operating cost due to movable barrier
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Alternatives A-1 & A-2 - AM & PM Peak (Continuous Access)
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Alternatives A-3 & A-4 - AM & PM Peak {Limited Access)
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Alternative C - Reversible
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Figure 4-6
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Tabie 4-1
Comparison of Alternatives
HOVHOT Direction Reversible Lane HOV/HOT | Inter-
Alternative | Lanes NB=north- Separation Lane mediate
bound Treatment l.ocation Access
SBzsouth- Locations
bound .
Al 2 HOV-only 1 NB No None 1 on each Continuous
Continuous 18B side of
access current
median
A2 2 HOV/HOT 1 NB No None 1 on each Continuous
Continuous 1SB side of
access current
median
A 3 Limited 2 HOVHOT | 1SB No Solid yellow 1 on each 0
access: 1NB striping side of
striping current
median
A 4 Limited 2HOVHOT | 15B No Solid yeltow 1 on each 1 or more
access:; 1NB striping + side of
striping + pylons current
pylons median
B 2HOV/HOT |25B—-AM | Yes Moveable 1 on each Oin
2NB-PM barrier side of conirafiow
current direction; 1 or
median 0 in other
direction
C 2 HOV/HOT {25B-AM : Yes Fixed barrier | 2 in current 1orQ
2NB - PM median
D 2 HOV 2 SB/1 NB- | Yes Fixed barrier | 1 in current 1orQ
1 HOT/HOV | AM median
1 SB/2NB -
PM
E 2 HOV Moveable 2 on west 0in
1 HOTHOV barrier side of contraflow
median; 1 direction; 1 or
on east 0 in other
direction
27




Approaches to selection of HOV/HOT Access

There are two distinctive approaches to selecting a HOV system in terms of access requirements:
continuous versus limited access. The selection between these access options is one of the
most critical decisions to be made by policy-makers and it affects the feasibility of the project.

Contiguous lanes/continuous access:.

Under the continuous access system, HOV users are free to enter and exit the HOV lane from the
adjacent mixed-flow lane at any logation. The continuous alternative is normally associated with
the HOV systems in northern California and requires no additional capital cost. However, there
are two disadvantages to this system. First, the unlimited ingress and egress by all vehicles to
and from the MOV lane can create excessive weaving and operational problems within the
adjacent mixed fiow lanes and can impact the level of service in both the mixed flow lanes and
the HOV/HQOT lane. The problem is further exacerbated when the interchanges along the corridor
are closely-spaced, meaning that weaving will be constant. Second, enforcement is difficult, as
users are free to enter and exit the HOV lanes as they wish. Violators have an incentive to exit

the HOV lane quickly in order to avoid detection, especially if they spot a highway patrol car in the
vicinity.

Limited Access:

With the limited access system, users are restricted and must enter or exit only at specific,
marked locations. This access system is widely used in southern California. There are
numerous examples, including HOV lanes in Orange County (i-5, 1-405, SR-55, SR-57 and SR-
91) and Los Angeles County {I-10, 1-105, I-405, SR-14, SR 118, etc.) and I-15 in San Diego.
The limited access system works best when a large number of the users travel the entire corridor
as a “pipeline.” There are two variations for this system: (1) separation by a physical barrier, and
(2) butfer separated by means of striping. The striped buffer is the separation treatment for most
of the Southern California HOV corridors. Limited access offers improved traffic operations in
hoth mixed-flow lanes and the HOV/HOT lanes by reduced weaving. The disadvantage of this
system is the congestion at the ingress and egress peints when high volumes of traffic seek to
enter and exit the HOV/HOT lanes. Normally, mitigations such as addition of mgrass/egress
weaving lanes (Figure 4-7) at these locations are advisable.
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Application of Access to I-680 Corridor

The initial traffic investigation on this corridor indicates that the majority of HOV/HOT users along
1-680 corridor from Route 84 to Route 237 travel the entire corridor, especially during the peak
periods. However, within these limits, there are a iotal of 12 interchanges with an average
spacing of little more than one mile. It appears that a limited access system is possible for the
corridor, but at least one intermediate access location should be considered to accommodate
those potential users who do not need to travel the entire HOV/HOT corridor.

For the purposes of this study, Route 262/Mission Boulevard was identified as a favorable
location, because it links parallel and heavily-used |I-680 and |-880 corridors. Furthermore, Route
262/1-880 improvements planned for completion in 2008 will likely increase the demand from and
to Route 262. Intermediate accesses are generally designed and located at a segment between
two adiacent interchanges (also Figure 4-7). This intermediate access geometry provides
egress/ingress transitions and an additional lane for weaving operations for traffic existing and
entering the HOV/HOT lane. The locations of the egress/ingress within the two adjacent
interchanges should take into account the volume of weaving and the distance required to the
merge points at entrance ramps and the diverge points at exit ramps.

In this case, a tull intermediate access is proposed both to and from Route 262. This includes
egress to the southbound off-ramp to Route 262 and ingress from the Route 262 southbound on-
ramp, requiring construction of two separate access locations. The locations of the ingress/egress
are set at 2,000 feet from the exit and entrance ramps to allow for weaving operations. The final
locations will be adjusted based on the actual volumes and operational analysis. The cost for the
southbound improvements with full access to Route 262 is estimated at $2.3 million. A similar
improvement for the northbound 1-680 access to Route 262 would be required, also estimated at
$2.3 million. Thus, the total additional cost for the intermediate access would be $4.6 million.
This cost is included in Table 4-2 above in the cost summary for Alternative A-4.

Other HOV/HOT Improvements

The operational analysis (see Chapter 9) indicates that additional mixed flow lanes for mitigating
merging and weaving operations at the termination of HOV lanes are required, whether or not a
HOT lane is implemented. The proposed improvements are: (1) addition of a weaving lane in the
southbound direction between the off/on ramps at Scott Creek Road and Jacklin Road
Interchanges, and addition of a weaving lane in the northbound direction between the off/fon

ramps at Route 238 and from the off-ramp to Truck Scale to Route 84 (discussed and depicted in
Chapter 9).

Entrance Options o the HOV and HOT Lanes

There are two possible transition/entrance geometric options to the HOV/HOT lane, which are
shown in Figure 4-8:

{1) A combined single lane entrance for both HOV and HOT lanes. This is a conventional
geometry and it is similar to the nearly ali of the HOV lane entrances throughout California.
Under this option, the California Highway Patrol would be able to enforce the lane both visually
and (in the case of HOT lanes) electronicaily at these locations.

{2) An additional transition and a single lane entrance for the HOT lane in the vicinity of the
Route 262/Mission Boulevard interchange. After the HOT entrance, the additional lane would
taper and transition back to the HOV lane. CHP would be able to enforce the lanes visually and
electronically; however, this option appears to be designed for the visual inspection of the HOT
users where no electronic inspections are provided. With this option 1-680 would reguire
additional freeway widening at its north and south entrances and two at the intermediate access.
The cost for these additional freeway widenings are estimated at $5.7 million.
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Because any recommended [-680 HOT system is likely to include electronic/video monitoring and
detection at its entrances and periodically throughout its length, an additional HOT lane entrance
may not be necessary for this corridor and is not recommended. The final decision for which
option to employ would be determined by the type of electronic inspection and consultation with
the CHP.
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Interim HOV/HOT Lane Alternatives
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An analysis of “interim” HOV/HOT lane alternatives with physical barriers was conducted, in order
to keep open the possibility of early deployment. The following options were considered.

interim Alternative 1 — Moveable Barrier

Under this alternative, the proposed southbound HOV lane will be used as an AM southbound
peak hours HOV lane, and a contra-flow northbound HOV lane in the PM peak hours. A
moveable barrier will separate the mixed flow lanes and the contra flow jane. The moveable
barrier will sit next to the fixed median barrier during the AM peak hours. Under this alternative
HOV access to all interchanges will be provided during the AM peak hours and no access will be
provided during the northbound HOV contra-flow, PM hours. Design exceptions will be required
for lane and shoulder widths for the interim period. Table 4-2 shows the preliminary construction
cost estimate for this alternative, not including toll collection costs (discussed for all options in
Chapter 5):

Table 4-2: Interim Moveable Barrier

liem Capital Cost | Operating Cost/Yr
(millions $) | (millions $)
Moveabie Barrier, 22.4 Km @ $0.75M/Km $16.8
Transfer Machine, 1 @ $0.9M Each $0.9
Maintenance @ $0.75M $0.75
Garage/Maintenance Center $1.0
Miscellaneous Civil Work $2.0
Total $20.7 $0.75

Interim Alternative 2 — Temporary Barrier

Under this alternative, temporary railing will be installed to separate the HOV lane from the
mixed-flow lanes to both serve HOV traffic traveling south in the AM peak hours and traveling '
north in the PM peak hours, Design exceptions are similar 10 those in Interim Alternative 1. At
the end of the interim period, the temporary barriers will be removed and the freeway will return to
its original section. This alternative has two options, either one intermediate access at Route 262
(Mission Boulevard) or no intermediate access. Under this option the temporary barrier will not
be installed within the access area, and moveable barriers will be used to separate the contra-
flow lanes in the PM peak hours. No intermediate access will be provided in the contra flow lanes
in the PM peak hours. Table 4-3 shows the preliminary construction cost estimate for this '
alternative:
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Table 4-3: Interim Temporary Barrier

ltem Capital Cost | Operating
{millions $) | Cost/Yr
(millions $)

Temporary Barrier, 22,400 m @ $50/m (Install) $1.12

Temporary Barrier, 22,400 m @ $20/m (Remove) $0.448

Miscellaneous Civil Work $2.0

Moveable Barrier, 1.2 Km @ $0.75M/Km {two ends of project) $1.5

Transfer Machine, 1 @ $0.9M Each $0.9

Maintenance @ $0.75M $0.75
Garage/Maintenance Center $1.0

Total Cost (no intermediate access) $6.968 $0.75
Ingress/egress improvements (intermediate access only) $2.3*

Moveable Barrier, 2.2 Km @ $0.75M/Km (intermediate access only) $1.65*

Total Cost (with intermediate access) $10.918 $0.75

*For intermediate access, add this capital cost o the total cost.

Pilot Project in Southbound Direction

Another interim option would be to adopt the HOT lane concept as a pilot or demonstration
project in only the southbound direction, because the southbound HOV lane will be brought up to
Caltrans standard before the northbound HOV lane is constructed. A pilot project would provide
the opportunity to test the financial and operational forecasts and to adjust the HOT lane based
on actual experience. A reguest for a federal earmark for funding the pilot project may be made

through local members of Congress.

The costs of a three-year pilot project for a southbound HOT lane would include:

(1) Weaving lane for intermediate access (if that option is selected) of approximately $2.3

mittion;

(2) Toll collectionfenforcement capital and operations cost, which will be somewhat more
than half of the $3.24 million capital and $1.02 million annual operating costs estimated
for the full bi-directional project estimated in Chapter 5. The reason for a disproportionate
one-direction cost is that nearly the same “systems” elements (e.g., such as software,
telecommunications, administration, etc.) must be in place whether the HOT lane is one

or two directions;

(3) Substantial monitoring and evaluation, so that lessons learned can be applied to |-680

and other similar corridors around the state and nation.

A pilot project southbound would provide several important advantages. First, it could be
implemented much more quickly (as early as 2006) than the full bi-directional project. Second, i
could begin yielding income that could help fund northbound improvements, I-680 corridor transit
service, or other transportation purposes. Finally, the eventual full implementation of bi-
directionai HOT lanes would benefit from valuable experience in how to operate a HOT lane

successiully in this and similar corridors.
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CHAPTER 5:
TOLL COLLECTION OPTIONS AND COSTS

This chapter discusses and provides cost estimates of afternatives for toll collection to for 1-68C HOT
lanes. It includes estimates for HOV/HOT configurations with and without intermediate access.

Alternative Technologies

There are two primary toll collection approaches that have been used to aliow SOVs to use HOT lanes:

1. A system employing a simple placard or decal, affixed visibly on the vehicle, indicating eligibility
to use the HOT lane

2. An electronic toll collection (ETC) system

1. Placard System

The simplest approach to implement for controlling SOV usage of the HOV is a placard or decal program,
consisting of a pass visibly affixed to the vehicle, issued on a periodic (most likety monthly or quarierly)

basis in exchange for paying a fee, It is displayed to authorize a non-eligible vehicle (i.e., not an HOV) to
use the HOV lanes during the hours that are otherwise restricted for HOV-only usage. The placard/decal

needs to be large enough to be easily spotted by the California Highway Patrol (CHP) for enforcement
and mounted on a uniform location on all vehicles.

The only way to contro! the number of fee-paying authorized vehicles is by limiting the number of passes
that are distributed. The CHP can provide enforcement by ticketing all non-authorized vehicles for
violation of the HOV lanes. Freeway management data detailing the HOV and HOT vehicle counts must
be collected manually by observing the traffic. it is entirely possible that the number of passes issued
would have to be adiusted periodically, depending upon the traffic flow and the degree of usage of the
HOV lane by SOVs with paid permits. This approach does not charge a per trip fee, nor does it not allow
for variable pricing based on traffic conditions or time of day.

2. Flectronic Toll Collection

Electronic Toll Collection (ETC) systems are available from several manufacturers and vary greatly in cost
and functionality. For HOT tane applications the systems are typically comprised of an overhead
antenna/reader mounted on a gantry or an overpass, an in-vehicle transponder, a central computer
system to collect data and process the charges of lane usage, and fiber-optic lines linking the elements
together. The antenna automatically reads the transponder and deducts the toll amount from a prepaid
account. The account is typically replenished automatically by linking it to a credit card or bank account,

This system is already in effect for San Francisco Bay Area bridges in the form of the Fastrak electronic
toll collection system. Some systems, including those at the bridges, include video cameras as part of a
violation enforcement system. The standard on the West Coast for interoperable electronic toll collection
equipment is Title 21 transponders. Any toll system on the 1-680 corridor would use transponders that
were valid and compatible with the region’s bridges as well. The accounting and remittance of revenues
1o potentiat different operators would follow a similar method to that used to distinguish the Golden Gate
Bridge from the Bay Area’s state-owned toll bridges.

ETC charges on a per-trip basis, allows for variable pricing by time of day and can collect tolls for use of

one or more segments of an HOT lane. It also provides the benefit of easy collection of data about
usage.

HOV/HOT Enforcement

The permit system relies exclusively on police visual enforcement. ETC generally involves some
combination of police enforcement and electronic surveillance. Two factors facilitate effective
enforcement: (1) physical barrier separation between HOV/HOT lanes and mixed-flow lanes and (2) few,
if any, intermediate access points into and out of the HOV/HOT lanes. Physical barrier separation and
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limited access allow less opportunity for violators to evade paying the toll, and also reduce the need for
multiple overhead electronic toll readers along the corridor.

A buffer consisting of striping and/or plastic pylons to indicate authorized ingress/egress locations for
HOVHOT lanes is obviously less effective for enforcement than a concrete physical barrier would be.
However, the toll collection and enforcement effectiveness of a buffer system can be improved greatly by
a combination of: (1) visible signal to register whether a toll has been paid (e.g., overhead light on the
reader that flashes when a vehicle passes under); (2) multiple toll readers along the corridor, so that even
if a vehicle does not pay a tol at the entrance, another reader down the corridor will “catch” the vehicle
and charge a toll; (3) video surveillance and monitoring to deter or detect those who violate gither the toll
payment or those entering or leaving the lane at an unauthorized location; and (4) additional CHP
enforcement presence. A system incorporating these features is depicted in Figure 5-1 on page 40.

Toll Cotlection Option 1: Placard System (no ETC)

This option relies upon visual enforcement by the highway patrol. it is relatively inexpensive to initiate
and administer. Because it does not entail a per-trip fee, it does not encourage permit-hoiders to limit
their usage to high value trips and therefore may not provide nearly as much freeway management
capability as would a system charging on a per-trip basis. In San Diego’s -15 HOT lanes, the placard

system was used for the first phase of the project but replaced by electronic toll collection within one year.

Table 5-1: Placard System Cost-Option 1

Equipment Quantity Unit Capital Annual Operating
Cost § Cost $ Cost $

Placards/decals 1,000/mos | 10 120,000

Engineering/ Design 1 575,000 | 575,000

Administration Per year 150,000 150,000

Violation Entorcement — Per year 200,000 240,000

Enhanced CHP presence

TOTAL $575,000 $510,000
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Toll Coltection Option 2: ETC, 1 lane in each direction, no intermediate access

This option utilizes electronic toll collection equipment to permit single occupancy vehicles to have access
to the HOV lane. A radio-frequency antenna/reader site will be installed near the beginning of each lane
and an additional intermediate antenna/reader will be installed to increase system reliability and
discourage violations. This option provides for one lane in each direction with no intermediate access.

Table 5-2: ETC Cost- Option 2

Equipment Quantity | Unit Capital Annual Operating
Cost$ | Cost$ Cost $

Antenna/Reader 4 18,000 72,000

Transponders 15,000 35 525,000

Central Computer System 1 65,000 65,000

hardware

Central Computer System 11 110,000 110,000

software

Communication to VMS 2 1,000 2,000 1,000

Dial-up phone lines

Communication to Antenna/ 4 1,000 4,000 24,000

Readers

T-1 phone up lines

Redundant 1 75,000 75,000

communications/power

Antenna mounting ganiry 2 55,000 110,000

{others mount on existing
signs/ poles)

PYYYITIIII T D L L L LA A A d i ddaddadh it

Variable Message Sign 2 55,000 110,000

VMS pedestal/ installation 2| 110,000 220,000

Installation of antennas, il 220,000 220,000

readers, central computer

Violation enforcement -CHP Per year | 240,000 240,000

System Design/ 1§ 700,000 700,000

Development

Training Per year 40,000

Maintenance Per year | 110,000 90,000

Oversight & reporting Per year 75,000 75,000

Administration/marketing Per year | 405,000 405,000

TOTAL - - 2,253,000 835,000
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Toll Collection Option 3: ETC, 1 lane in each direction, 1 intermediate access, 4 additional readers,
video surveillance

This option utilizes electronic toll collection equipment to permit access of single occupancy vehicles to
the HOV lane. Antenna sites will be installed near the beginning of each HOT lane and at one
intermediate access area in each direction. Additional antennas will be installed several miles past the
initial and intermediate access point antennas to increase reliability (redundancy in case the first reader is
not operating) and to discourage violations, for a total of eight readers. This option also includes robust
video surveillance. This option represents a high level of toll collection and enforcement.

Table 5-3: ETC Cost-Option 3

Equipment Quantity Unit Capital Annual Operating
Cost $ Cost$ Cost$§

Antenna/ Beader 8 18,000 144,000

Transponders 15,000 35 525,000

Central Computer System 1 65,000 65,000

hardware

Central Computer System 1 110,000 110,000

software

Communication to VMS 4 1,000 4,000 3,000

Dial-up phone lines

Communication to Antenna/ 8 2,000 16,000 35,000

Readers

T-1 phone up lines

Redundant 1 75,000 75,000

communications/power '

Closed-circuit TV (CCTV) 12 6,000 72,000

cameras

CCTV mounting 12 15,000 180,000

CCTV recording equipment 1 30,000 30,000

Antenna mounting gantry 4* 55,0600 220,000

{cthers mount on existing

signs/ poles)

Variable Message Sign 4 55,000 220,000

VMS pedestal/ installation 4 110,000 440,000

Installation of antennas, 1 440,000 440,000

readers, central computer

Violation enforcement - CHP Per year | 240,000 240,000

System Design/ 1 700,000 700,000

Development

Training Per year 40,000 40,000

Maintenance Peryear | 220,000 220,000

Oversight & reporting Per year 75,000 75,000

Administration/marketing Per vear | 405,000 405,000
TOTAL . - | 3,241,000 1,018,000

* Assumes that additional readers in each direction will be mounted on existing structures.
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Toll Collection Option 4: ETC, 2 reversible lanes, 1 intermediate access, 4 additional readers,
video surveillance

Option 4 has both lanes serving HOV/HOT in southbound direction for AM peak, and northbound
direction for the PM peak. This design includes one intermediate access point to the HOV/HOT lanes.
As in Option 3 above, additional antennas will be instalied several miles past the initial and intermediate
access point antennas to increase reliability (redundancy in case the first reader is not operating) and
discourage violations, for a total of eight readers. This option also includes robust video surveillance,

e T I T T I T L 1 L1 A 4444 ddddddddadhdndinddd

This option represents a high level of toll collection and enforcement.

Table 5-4: ETC Cost-Option 4

Equipment Quantity Unit Capital
Cost$ Cost $ Operating Cost §
Antenna/Reader 8 18,000 144,000
Transponders 15,000 35 525,000
Central Computer System 1 65,000 65,000
hardware
Central Computer System 1 110,000 110,000
software
Communication to VMS 4 1,000 4,000 2,000
Dial-up phone lines
Communication to Antenna/ 8 2,000 16,000 35,000
Readers
T-1 phone up lines
Redundant 1 75,000 75,000
communications/power
Closed-circuit TV (CCTV) 8 6,000 48,000
cameras
CCTV mounting 8 15,000 120,000
CCTV recording equipment 1 30,000 - 30,000
Antenna mounting gantry 4 55,000 220,000
{others mount on existing
_signs/ poles)
Variable Message Sign 4 55,000 220,000
VMS pedestal/ installation 41 110,000 440,000
Barrier Gates 2 3,000 6,000
Controller for Gates 1 75,000 75,000
Installation of antennas, 1 180,000 180,000
readers, ceniral computer
Violation enforcement - CHP Per year : 200,000 240,000
System Design/ 1 700,000 700,000
Development
Training 1 40,000 40,000
Maintenance Per year 125,000 125,000
Oversight & reporting Per year 75,000 75,000
Administration/marketing Per year | 405,000 405,000
TOTAL - - 2,978,000 622,000
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Vehicle with
transponder
on windshield

Enforcement area
located downstream
of toll reader

Police inspect
reader to determine
whether toll paid or
violation ocourred

SAFETY
BARRIER

Source: Parsons Brinckerhoff, 2003
Figure 5-1
Typical Enforcement Configuration HOT Lanes: Striped Lane Separation,
Electronic Toll Collection with Enhanced Highway Patrol
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CHAPTER 6:
EVALUATION CRITERIA

The following set of criteria is used in evaluating the alternatives and the overall feasibility for variable
pricing or HOT lanes in conjunction with the planned HOV lanes widening on Interstate 1-680. The
objective is to compare the various HOT lane alternatives with the HOV lane configuration planned by
Caltrans.

1. Corridor Travel Impacts.
This criterion considers person-throughput, travel time and delay impact to users of the HOV/HOT lanes

and overall freeway users. It can be measured by aggregate person-miles-traveled, average travel times
and total delay impacts for all corridor users. :

2. Operational impacts

This criterion measures impacts to general traffic in the mixed-fiow lanes, impact on HOVs in the HOV
lanes, and at the interchanges. There is particular focus on potential bottienecks attributable to
configuration decisions, such as the number and location of access to the HOV/HOT lanes.

3. Geometric Impacts
This criterion assesses compatibility with Caltrans and national design standards, including any impacts
on roadway geometry, overcrossings, and other design features.

4. Safety
This criterion examines the potential change for accident rates, due to different roadway configurations

and weaving characteristics, and based on engineering judgment of the geometric and operational
aspects of each alternative,

5, Tolling and Enforcement Feasibility

This criterion assesses the feasibility of effective tolt enforcement along with the HOV lane occupancy
enforcement that will be in place for conventional HOV lanes. It will consider the impact of applying
technology options and enhanced enforcement levels.

6. Travel Options Enhancement

This criterion evaluaies whether the alternatives enhance or detract from traveler options in the corridor.
This will investigate what travel options each alternative provides or takes away, compared among the
alternatives and with the base case. Variables could include number and location of access points and
eligibility of different vehicles. -

7. Capital Cost

This criterion measures the incremental cost of implementing HOT lanes, above the cost of conventional
HOV lanes. This will include the cost of any physical changes to the roadway, structures or right-of-way,
1oll reading equipment, signage and other “upfront” costs associated with implementing a pricing
component on a highway with HOV lanes.

8. Revenue Generation

This criterion evaluates the gross projected revenues to be generated by aflowing tolli-payers to use the
HOT lanes. It assesses the magnitude of the potential market.

9. Net Operational Cost/Revenue

This is the most important financial criterion. 1t measures the incremental cost, including maintenance,
administration and marketing, to operate the lanes and then compares the cost with revenue collected,
yielding the net operational cost or revenue.
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10. Environmental Impact
This criterion reviews any significant impacts on the environment. This will be a general qualitative review
searching for any clear significant impacts or fatal flaws, not a comprehensive environmental report.

11. Equity impact
This criterion examines distribution of benefits and detriments to different populations, focusing on the
question of who benefits and who pays.

12. Transit Impact

This criterion assesses impact on existing and proposed public transit in the corridor. Evaluation will
include potential impact on express bus and raii service, including effect on performance of the HOV
lanes and potential for HOT fane revenues to fund additional transit service.

Applying the Evaluation Criteria

These criteria can be characterized in different terms; some are quantitative, others qualitative; some are
about significant or insignificant impacts; and some are about ease or difficulty of implementation.
Because a conventional HOV-only lane is effectively the “base case” of this comparison, each of the HOT
lanes will be compared to HOV-only scenario.

in Chapter 12 of this report (Evaluating the Alternatives) each alternative is given a rating on each
criterion. Furthermore, a narrative description of the pros and cons of each alternative is provided.
Because the determination of “feasibility” is a public policy decision that weighs different, and often
competing, values against one another, no attempt is made by the study team to weight the criteria or
develop a comprehensive score for each aliernative.

Corridor travel and operational impacts are found in Chapter 9 (Operational Analysis) of this report.
Capital costs are found in Chapter 4 (Alternatives) and Chapter 8 (Revenues and Financial Feasibility).
Financial data on revenues and operational costs are found in Chapter 8 and Chapter 5 (Toll Collection
Options). A discussion of equity impacts is found in Chapter 11 (Policy Considerations).
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CHAPTER 7
TRAVEL FORECASTING

This chapter discusses the travel demand modeling approach used in the -680 Value Pricing Study. In
addition to the information presented in this report, a series of Technical Memoranda are available, and

referenced here, which provide a detailed account of various aspects of the travel demand forecasting
methodology and results.

The goal of the demand modeling portion of the study is to facilitate the forecasting of various capacity
additions to 1-680 in the Sunol Grade corridor, namely High Occupancy Vehicle (HOV) and High
Occupancy Toll (HOT) fanes. The modeling explicitly recognizes the choice travelers make in choosing to
travel in carpoals or in toll lanes. The end result of the travel demand model was used as input for the Toll
Optimization Model (Chapter 8) and the simulation modeling for the Operational Analysis {Chapter 9).

Modeling Approach

The primary modeling tool used in the I-680 Value Pricing Study is the Metropolitan Transportation

Comrmission’s (MTC) BAYCAST travel demand model set. The MTC mode! was enhanced in 2001 by the
Santa Clara Valley Transportation Authority (VTA), who improved the functionality of the BAYCAST mode
choice model and also performed a year 2000 validation. All the modeling work for the -680 Study pivots

off the model developed by the VTA. This model was also used in the Caltrans environmental document
for the 1-680 HOV lane.

The focus of the 1-680 Value Pricing Study is to formally estimate the demand for a parallef HOT facility in
the i-680 corridor. The existing MTC/VTA model did not have the ability to explicitly model the choice
between traveling on a general purpose facility with mixed-flow lanes and a time-savings value toll facility
(HOT tane). The goal of this effort was to overcome this shoricoming. Please note: the term “toll” in the
remainder of this document will refer to “value tolis” — a toll paid solely to provide a time savings. This is
contrast to a “bridge toll,” which is common in the Bay Area, paid to cross a naturai obstruction which is
otherwise impassable — in this case the Bay. :

The approach taken in the -680 Study was to include the Toll/No Toll choice in the existing MTC/VTA
Mode Choice models. This was accomplished by adding sub-nests under each of the primary auto
modes (Drive Alone, Shared Ride 2, Shared Ride 3+) in the existing Nested Logit models. Figure 7-1,
below, generically depicts this addition.

Choice

I ' 1
Drive Alone Shared Ride 2 Shared Ride 3+

I | I
| | l l l |

Toll No Toll Toll No Toll Toll No Toll

Figure 7-1: Generic Representation of Toll/No Toll Nesting Structure
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As each of the MTC/VTA Mode Choice models (segmented by Trip Purpose) differ, the modifications to
the nesting structures varied from Trip Purpose to Trip Purpose. For a complete discussion of the
modifications made to the Mode Choice models, please refer to Appendix B, the technical memorandum
1-680 Value Pricing Study: Travel Demand Modeling Program and Mode Choice Specifications®.

Toll Model Testing

After modifying the mode choice structure, a rigorous validation process was foliowed to ensure the
enhanced mode! stream was capable of representing existing conditions. Because the San Francisco
Bay Area currently has no “value pricing,” or variable priced, toll facilities, the validation provided no
information as to the performance of the mode! when faced with the introduction of a toll facility. For this
reason, a formal testing of the model stream was performed.

The testing procedure involved coding a toll facility on the VTA's 2025 RTP highway network in the 1-680
corridor of interest. A toll facility consisted of a 14-mile long, single-lane facility with a single access and
single egress point, which ran parallel to 1-680 from Route 84 in the north and Calaveras Boulevard in the
south. Different toll fees were then introduced for the facility and various performance measures were
computed, including toll eiasticity by trip purpose. For a complete discussion of the toll testing procedures
and resgits, please refer to Appendix C, /-680 Value Pricing Study: Travel Demand Modeling Toli Testing
Results”.

After successfully testing the 1-680 Model for both the base year of 2000 and the horizon year of 2025,
the model was ready to test alternatives.

Use of Model Resulis

The demand modeling resuits for the alternatives are included in Appendix D, Travel Demand Modeling
Methodology and Alternatives Analysis. The benefit of the modeling process in this study was to provide
detailed input for the Toll Optimization Modeling and the Operational Analysis.

As elaborated upon in Chapter 8, the purpose of the Toll Optimization Modeling is to determine what
share of travelers in the 1-680 corridor will choose to use the High Occupancy Toll (HOT) facility at a given
ptice. The travel demand modeling provided the Toll Optimization Model with the population of travelers
in single occupancy, high occupancy, and toll-paying vehicles in the corridor during the peak hours. The
demand mode! and Toll Optimization Models were then used in an iterative fashion to determine the
optimal toll.

Once the toll users were segmented using the Toll Optimization Model, the volumes were then used as
input in the Operational Analysis simulation model, as discussed in Chapter 9. The Operational Analysis
is capable of producing a detailed description of the congestion levels in each alternative. The demand
model provided the input for the future year conditions. '

® 1680 Value Pricing Study: Travel Demand Modeling Program and Mode Choice Specifications,
Technical Memorandum prepared by Parsons Brinckerhoff for the Alameda Congestion Management
Authority and California Department of Transportation, April, 2002.

® 1-680 Value Pricing Study: Travel Demand Modeling Toll Testing Results, Technical Memorandumn
prepared by Parsons Brinckerhoff for the Alameda Congestion Management Authority and California
Department of Transportation, August, 2002.
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CHAPTER 8:
REVENUES AND FINANCIAL FEASIBILITY

This chapter discusses the determination of optimal tolls, revenue generation, and financial feasibility for
the 1-680 HOT lane alternatives. The analysis was done on Alternative A-3 (striped buffer, no
intermediate access) and Alternative A-4 (striped buffer, one intermediate access). Both Alternatives
were modeled for years 2000 and 2025 under two distinct carpool policies: (1) two or more persons
defined as a high-occupancy vehicles (denoted as “2+”) and eligible to use the HOV lane without paying a
toll; (3) three or more defined as a high-occupancy vehicle (denoted as “3+”). The results from the toll
modeling enabled projection of tolls, traffic volumes, speeds, and revenue under optimal tolling for ali
alternatives, including both access configurations and both carpooling policies in 2000 and 2025.

Assumptions of the Toll Analysis

The toll optimization analysis assumes that the goal of the tolling strategy is to maintain acceptable traffic
performance of the HOV/HOT lanes and operate the facility in an efficient manner. Efficiency ir the
sense used here means minimization of the total delay, in terms of vaiue of time of all users on the
facility, i.e., HOV/HOT lane and mixed-flow lane users, at the total traffic volume forecast for the facility.
In addition, equity considerations are implicit in policies imposed on the operation of the project, such as
the provision of free access to the HOT lane for vehicles with two or three or more users (HOV 2+ and
HOV 3+, respectively). The optimization process seeks the most efficient tolls, given these operational
policies.

The analysis of optimal toll levels is conducted under a “variable rate” pricing structure for Alternative A-4,
which unlike Alternative A-3, has a second, intermediate set of HOT lane entrance and exit points in each
direction. This structure differentiates toll levels by the time of day and day of week, and by road segment
and direction. For Alternative A-3, with no intermediate access and therefore only one tolling segment
(the entire 14-mile length of the facility) in each direction, the tolis vary only by time of day and direction.

For the purpose of this analysis, the pricing structure is simpilified in the sense that we employ only five
ditferent levels or classes of tolls (denoted, from highest rate to lowest, as A, B, C, D, and E) in each
direction across the various times of day during weekdays and the weekend. In addition, tolls are
charged on a per vehicle basis, with no differentiation among classes of vehicles eligible to use the lane
(including passenger vehicles, SUVs and light trucks), since no heavy trucks are to be permitted in the
lane. '

The use of a simplified pattern of toll levels recognizes that drivers may be confused by a structure that
has many more toll levels. Moreover, although traffic varies across times of day, days of the week, and
direction, the price of tolis drops significantly outside of peak hours, so revenue estimates and facility
efficiency are little affected by limiting the number of toll classes. For example, within both the
southbound AM peak period and the northbound PM peak period there are some differences in the
volume of traffic per hour using the facility (the northbound PM peak is somewhat more spread out than
the southbound AM peak). Similarly, shoulder and weekend and night tolls need to be different because
of the very different levels of traffic observed during these times. These differences are accounted for in
the different toll levels. Nevertheless, this relatively simplified analysis does not preclude eventual
adoption of “dynamic” toll pricing (currently used in the San Diego I-15 HOT lanes), which allows the 1oll
ievels to change in real time to reflect actual highway conditions at any given time.

The Procedures Used for Optimizing Toll Levels
The process by which toll levels are optimized is as follows:
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» Preliminary estimates of traffic volumes on both the tolled and untolled lanes are obtained
from runs of the MTC model.”

« The AM peak data is used, along with information on current time-distributions of traffic on I-
680 to develop first-pass traffic volume estimates for the other hours of the day, and for
weekend hours.

« A customized, mathematical representation of the affected portion of the network is prepared
that permits finer and more rapid optimized assi%nment of traffic on the network in response
to pricing than is possible using the MTC model.” This mathematical representation
(ECONorthwest's Toll Optimization Model or TOM) allows for calculation of optimal tolls.

o Toll levels and hourly traffic volumes for each toll class and for the adjacent untolled lanes
are simulianeously determined by an optimization process that seeks to find tolis that meet
the relevant efficiency criteria.

e If the TOM calculation results in a large change in AM peak volumes {from the initial MTC run
ievel), the toll level for the AM peak period is used to recalibrate the MTC model run, and the
optimization process is repeated.

As this description suggests, the optimization procedure works iteratively with the MTC model. The
iteration between the MTC mode! and TOM is necessary because the current MTC model cannot
mathematically handle the dual path choice and toll optimization problem in facilities with combinations of
HOT and mixed-flow lanes and multiple vehicle classes. The reason is that the user’s decision to select
the HOT versus mixed-flow lanes depends upon the trade-off between paying tolls and travel time or
speed faced by users with different values of time. Specifically, users tace the choice of selecting the
HOT lane {paying the toll and enjoying higher speeds), versus staying in the mixed-flow lanes {not paying
the toll and suffering slower speeds). How many users make the decision o use the HOT lane depends
crucially on the composition of time values of users in the traffic stream. This cannot be modeled within
standard models or traffic assignment models and requires the use of TOM.

Accounting for Peak Spreading between 2000 and 2025

The MTC model is run for both the years 2000 and 2025. However, because the MTC model reports only
the AM peak traffic volumes, the growth reported in these volumes is not representative of growth in
average daily traffic (ADT), because the facility approached capacity during the AM peak in 2000.

in fact, traffic will continue to grow between 2000 and 2025, but will be accommodated during periods
cutside of the current AM and PM peak periods. This phenomenon, known as peak spreading, can be
observed over time as traffic grows. The TOM incorporates a mathematical method to replicate the peak
spreading that likely will occur in a peak-constrained setting.

In this analysis, it is assumed that the overall volume of traffic will grow by 25 percent between 2000 and
2025° This growth will occur in a manner described by the peak-spreading relationship. Figure 8-1

" These estimates apply to both the northbound and southbound AM peak only. This is because the MTC
model! forecasts only the AM peaks; traffic volumes at other times of day must be obtained by applying a
factor to the AM peak volumes. This was accomplished by using data on current daily traffic volumes for
present-day estimates and using a peak-spreading algorithm for future years.

® Specifically, the ECONorthwest Toll Optimizer Mode! permits rapid calculation of tolis in a multiclass
vehicle setting. The lengthy iterations and mathematical limitations of the MTC model make this
optimization process impossible to conduct in that modeling context.

? This assumption was provided by ECONorthwest, in consultation with Parsons Brinckerhoff staff. To
our knowledge, no 25-year ADT forecast is available for the corridor.
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below illustrates the results of the peak-spreading exercise for the example of the weekday north and
southbound directions.

The hourly volumes implicit in Figure 8-1 are used to seed the Toll Optimizer Model for the year 2025, for
each of the five toll classes in each direction.'® In so doing, it is possible to calculate the tolis and
revenue for the five toll classes in 2000, as well as 2025.

Figure 8-1 :
Peak Spreading Relationship for the Weekday Northbound and Southbound Directions in 2000
and 2025
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Determining Tolis at Different Levels of Congestion

The modeling process was completed for varying levels of congestion that correspond to different periods
of the day, days of the week, and directions of travel. This step is needed in order to exirapolate the
weekly and annual revenue potential of each alternative. Table 8-1 shows the periods modeled for
Alternatives A-3 and A-4 in 2000. In general, the PM peak period is wider than the AM peak period.
Consequently, more hours encompass the PM peak period toll class in the northbound direction, and
fewer hours correspond to the off-peak toli class. Rate classes are designated A through E, A being the
highest and E the lowest,

' in addition, ad}uéted weekend daily data was generated and incorporated into the tolling analysis.
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Table 8-1: Periods used to assign Toll Classes in 2000
Typical Period to which Hours per

Rate Class Rate Class is Applied Week
South Bound Rate A AM Peak 10
South Bound Rate B AM Shoulder/PM Peak 20
South Bound Rate C PM Shoulder 20
South Bound Rate D Weekend PM Peak 20
South Bound Rate E Off Peak a8
North Bound Rate A PM Peak 20
North Bound Rate B PM Shoulder 20
North Bound Rate C AM Shoulder 20
North Bound Rate D Weekend PM Peak 20
North Bound Rate E Off Peak 88

Determining Users’ Value of Time

Most researchers suggest that travelers generally value their travel time at approximately 60 percent of
their hourly wage. During this analysis, ECONorthwest relied on the average value of time estimates
used in the MTC model, but used other information to estimate the variation of vehicle time values within
each vehicle class (SOV, HOV2, and HOV3+). Table 8-2 shows the mean values of time for different

vehicle classes assumed in the modeling. Vehicles’ values of time are adjusted to 2002 dollars using an
assumed 3% inflation rate, :

Note that HOV2 and HOV3+ represent the value of time per vehicle-hour, and are adjusted to reflect the
income quartile in the MTC model from which such travelers are drawn. The values for HOVs are higher
than SOVs, because multipie persons’ time is included. income guartile data for the Bay Area are used
to estimate the relative variance of travelers’ value of time and thereby generate a distribution of time
values around the average. B

Table 8-2; Vehicle Values of Time per Vehicle-Hour by Vehicle Class

Average Value of Time

Vehicle Class Per Hour in 2002 Doliars
SOV/Small Trucks $§ 1563
HOV2 _ $ 2753
HOV3+ $ 4130

Source: ECONorthwest from PB/MTC data

Optimized Toll Resuits

The types of data generated by the optimizing process are:
« Tolls, for the entire facility for Alternative A-3, and by segment for Alternative A-4

« Traffic volumes, by lane and link
+ Speeds, by lane and link

Table 8-3 below summarizes the resuits of the toli optimization, for tolls charged to SOVs in Alternative A-
3 under both an HOV 2+ and HOV 3+ carpool policy in both the northbound and southbound directions.
The toll results for the years 2000 and 2025 are used to extrapolate toil levels in 2002 and 2006. The
year 2006 is selected for analysis, because it is the earliest reasonable date to expect a HOT lane facility
to begin service. Note that the peak period in the peak direction refers to rate class A.

48

I e ey W ¥ ¥ ¥ X



:..OOI".WO..'vvvvvvvuvvv-v'-vvvv---v-_vv-

Table 8-3: Peak-Period Toll Estimates for SOVs for Alternative A-3 in 2002, 2006, and 2025 Under
HOV 2+ and HOV 3+ Carpool Policies

Alternative A-3_ Alternative A-3

HOV 2+ HOV 3+
Tolls in 2002 in 2002 Dollars
PM Peak Toll in Peak Direction (NB) $ 423 ° $ 502
PM Peak Toll in Peak Direction {(NB) per Mile $ 0.30 % $ 0.36
AM Peak Toll in Peak Direction (SB) $ 2.84 ;; $ 3.73
AM Peak Toll in Peak Direction (SB) per Mile 3 0.20 ?; $ 0.27
Average Toll (both directions, all times of day) $ 0.59 % $ 0.72
Average Toll per Mile (both directions, all times ofday) $ 004 | $ 005
Tolls in 2006 in 2002 Dollars }
PM Peak Toll in Peak Direction (NB) $ 462 @ $ 523
PM Peak Toll in Peak Direction (NB) per Mile $ 0833 | $ 037
AM Peak Toll in Peak Direction (SB) $ 313 | $ 404
AM Peak Toll in Peak Direction (SB) per Mile $ 022 © % 0.29
Average Toll (both directions, all times of day) $ 070 . § 083
Average Toli per Mile (both directions, all times of day) 3 0.05 %‘ $ 0.05
Tolls in 2025 in 2002 Dollars
PM Peak Toll in Peak Direction (NB) 3 6.99 3 6.34
- PM Peak Toll in Peak Direction (NB) per Mile $ 0.50 $ 0.42
AM Peak Toll in Peak Direction (SB) $ 501 - § 5.97
AM Peak Toll in Peak Direction (SB) per Mile 3 0.36 § $ 0.43
Average Toll (both directions, all times of day) $ 1.56 %g $ 1.62
Average Toll per Mile (both directions, all times ofday) $ 011 © $ 0.2

Note: Peak toll refers to rate class A.
Source: ECONorthwest from PB/MTC data

The average tolls shown in the table above are derived by taking the average toll charged across rate
period and directions, weighted by number of hours in each toll period,"’

It is interesting to note that the highest per-mile tolls projected for 2002 and 2006 are 36 and 37 cents per
mile; for 2025 the highest per-mile is 50 cents per mile. These tolls are considerably lower than the peak-
period tolis currently being paid by users of SR 91 and I-15 in Southern California. Both SR 91 and i-15
roadways are comparable to Alternative A-3, in the sense they have no intermediate access. They differ
in length: they are 10 and 8 miles long respectively, compared to the proposed approximately 14 miles for
1-680 priced lanes. By way of comparison, peak SR 91 users pay about 48 cents/mile, and peak |-15

users pay 50 cents/mile for an average commute day (though it can reach up to $1/mile if extreme
congestion dictates.

" Eor instance, HOT lane tolis for classes A through E for Alternative A-3 with an HOV 2+ carpool policy
in 2025 in the southbound direction are, $5.01, $4.17, $3.28, $1.92, and $.02, respectively. Similarly,
HOT lane tolls in the northbound direction for rate ciasses A through E are $6.99, $4.65, $1.76, $.80, and
$.01 for Alternative A-3, in 2025, under a HOV 2+ carpool policy. The resulting weighted average tolt rate
is $1.56 in 2025, for this Alternative and carpoo! policy.
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These lower per-mile figures for I-680 are likely a consequence of several factors, including differences in
corridor congestion levels, differences in vaiues of travel time, differences in carpool volumes and
policies, and differences in operational objectives of the tolling. Higher tolls and higher revenues likely
could be charged than are modeled here if (1) values of time evolve to be higher than assumed by the
MTC model, and (2) policy makers are willing to reduce the volume of users for additional revenue. The
modeled resuits indicate that the tolls contemplated for I-680 are certainly within a reasonable range of
similar facilities and within a range that Bay Area users are willing to pay for improved service.

Table 8-4 shows toll estimates for Alternative A-4 in 2002, 2008, and 2025. Alternative A-4 differs from
Alternative A-3 in that travelers would be allowed an opportunity to enter or exit the HOT lane at both the

" beginning and middie of the HOT lane. In the southbound direction the first segment (Southbound
Segment 1) of the HOT lane that traveiers approach is at the northern end of corridor, while the second
southbound segment (Southbound Segment 2) is located at the southern end of the corridor. Similarly,
the first northbound segment (Northbound Segment 1) that travelers see as they enter the corridor
heading north is at the southern end of the corridor, while the second northbound segment (Northbound
Segment 2) is located at the northern end of the corridor. The northbound segments 1 and 2 have
distances of 7.1 and 6.9 miles, respectively. Segments 1 and 2 in the southbound direction span a
distance of 8.6 and 5.4 miles, respectively. '

Table 8-4: Toll Estimates for Alternative A-4 in 2002, 2006, and 2025 under HOV 2+ and HOV 3+
Carpool Policies

Alternative A4 = Alternative A-4

HOV 2+ HOV 34+

Seg1 Seg?2 |Seg1&2 Seg1 Seg2 |Segi&2

Tolls in 2002 in 2002 Dollars

PM Peak Toll in Peak Direction (NB) $ 187 $130:8% $ 273 $222:% 499
PM Peak Toll in Peak Direction (NB) per Mile  $ 023 $ 022 | $ $ 034 $0371% 036
AM Peak Toll in Peak Direction (SB) $ 186 $ 075 % $ 337 $1.08|% 447
AM Peak Toll in Peak Direction (SB)perMile  $ 0.23 § 0.13 1§ $ 042 $ 0181 % 032
Average Toll (both directions, all times of day) § 0.31 § 0.18] % $ 051 $029({% 080
Average Toll per Mite (both directions, ali times

of day) $ 004 $003[5 $ 006 $005|5 0.06

Tolls in 2006 in 2002 Dollars

PM Peak Toll in Peak Direction (NB) $ 193 $153|% 269 §251|% 529
PM Peak Toll in Peak Direction (NB)per Mile $ 0.24 $ 0.26 | § 0.34 $042|8 038
AM Peak Toli in Peak Direction (SB) $210 $075]|% 3.75 $1.041(8% 4584
AM Peak Toll in Peak Direction (SB)perMile  $ 0.26 $ 0.12 | $ 047 $017|% 035
Average Toll (both directions, alitimes of day) $ 037 $ 0.22:$§ 060 $03418 094
Average Toll per Mile (both directions, all times

of day) $ 005 $004(% 0.08 $006|% 0.07

Tolls in 2025 in 2002 Dollars

PM Peak Toll in Peak Direction (NB) $224 $333|% 249 $ 453|8% 7.02
PM Peak Toll in Peak Direction (NBYperMile $ 0.28 $ 0561 $ 031 $075|% 050
AM Peak Toll in Peak Direction (SB) $371 $0751% 6.17 $ 0888 7.06
AM Peak Toll in Peak Direction (SByperMile $ 046 $ 012 % 077 $0151% 0.50
Average Toll (both directions, all times ofday) $ 0.83 $ 0.55; % 126 $073|% 1.98
Average Toll per Mile (both directions, ali times

of day) ' $ 010 $009|8% 016 $0.12|% 0.14

Note: Peak toll refers to rate class A.
Source: ECONorthwest from PB/MTC data
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Surprisingly, the MTC model predicts slightly negative growth in traffic volumes for some links in the
southern portion: of the corridor network between 2000 and 2025. Consequently, our model predicts toll
levels in the southern segments to experience little to negative growth. The MTC model projects
significantly increased congestion in the northern portion of the facility, causing optimal tolis to increase
significantly over time in this portion of the corridor. Once again, the tolls are well within the range of tolis
in other HOT lane facilities: the highest per-mile tolls in the peak directions for both segments are 36
cents in 2002, 38 cents in 2006, and 50 cents in 2025.

Traffic Volumes under Optimal Tolling

Tables 8-5 and 8-6 show peak period, hourly HOT lane traffic volumes in 2000 and 2025 respectively for
Alternatives A-3 and A-4 in both the northbound and southbound directions.

Table 8-5: Estimated HOT Lane Volumes after Optimal Tolling during the Peak Period
{2000, Rate Class A in Vehicles/Lane/Hour)

SOV/Light Trucks HOV2 HOV 3+

Afierniative A-3 (HOV 2+) Hourly Traffic Volumes in Peak Rate Period
North Bound 756 283 100
South Bound 578 506 119

Alternative A-3 (HOV 3+) Hourly Traffic Volumes in Peak Rate Period
North Bound 427 396 99
_uuth Bound 498 269 142

Alternative A-4 (HOV 2+) Hourly Traffic Volumes in Peak Rate Period

North Bound, Seg 1 598 486 193
North Bound, Seg 2 456 656 250
South Bound, Seg 1 571 526 188
South Bound, Seg 2 571 323 141

Alternative A-4 (MOV 3+) Hourly Traffic Volumes in Peak Rate Period

North Bound, Seg 1 415 393 189
North Bound, Seg 2 273 474 249
South Bound, Seg 1 210 537 181
South Bound, Seg 2 316 375 135

Source: ECONocrihwest from PB/MTC data
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Table 8-6: Estimated HOT Lane Vehicle Volumes after Optimal Tolling during Peak Period (2025,
Rate Class A in Vehicles/l.ane/Hour)

SOV/Light Trucks HOV 2 HOV 3+

Alternative A-3 (HOV 2+) Hourly Traffic Volumes in Peak Rate Period
North Bound 741 408 169
South Bound 431 806 219

Alternative A-3 (HOV 3+) Hourly Traffic Volumes in Peak Rate Period
North Bound 486 339 165
South Bound 513 263 312

Alternative A-4 (HOV 2+) Hourly Traffic Volumes in Peak Rate Period

Naorth Bound, Seg 1 553 565 233
North Bound, Seg 2 473 821 364
South Bound, Seg 1 . 361 1,150 272
South Bound, Seg 2 365 704 178

Alternative A-4 (HOV 3+) Hourly Traffic Volumes in Peak Rate Period

North Bound, Seg 1 424 331 234
North Bound, Seg 2 355 480 366
South Bound, Seg 1 477 346 388
South Bound, Seg 2 392 236 252

Source; ECONorthwest from PB/MTC data

Travel Times and Speeds under Optimal Tolling

Tables 8-7 and 8-8 show the travel times and speeds that correspond to the peak period under optimal
tolling in the northbound and southbound directions in 2000 and 2025, respectively. Speeds on the HOT
lanes are very near free-flow speeds when optimal pricing is implemented. At toll levels below those
presented here, HOT lane speeds would decrease to some degree, because more vehicles would be
attracted to the HOT ianes.
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Table 8-7: Estimated Travel Times and Speeds with Optimal Tolling during Peak Period (Rate

Class A) in 2600

HOT Lane Travel Time HOT Lane Speed  Mixed Flow Travel Time Mixed Flow
{min.) {mph) {min.) Speed (mph)

Alternative A-3 (HOV 2+) Hourly Traffic Volumes in Peak Rate Period

North Bound 15.8 58.4 341 26.6
South Bound 15.9 ' 574 277 33.0
Alternative A-3 (HOV 3+) Hourly Traffic Volumes in Peak Rate Petiod

North Bound 15.1 60.3 357 25.4
South Bound 15.1 60.4 303 301
Alternative A-4 (HOV 2+) Travel Time and Speeds in Peak Rate Period (Seg 1 and 2)

North Bound 16.5 55.0 29.6 30.7
South Bound 15.9 57.6 26.6 34.4
Alternative A-4 (HOV 3+) Travel Time and Speeds in Peak Rate Period (Seg 1 and 2)

North Bound 152 58.9 347 26.2
South Bound 15.1 60.5 316 28.9

Source: ECONorthwest from PB/MTC data

Table 8-8: Estimated Travel Times and Speeds with Optimal Tolling during Peak Period (Rate -

Class A) in 2025

HOT Lane Travel Time HOT Lane Speed  Mixed Flow Travel Time Mixed Flow
{min.) {mph) , {min.) Speed (mph)

Alternative A-3 (HOV 2+) Hourly Traffic Volumes in Peak Rate Period

Narth Bound 16.5 55.0 47.5 19.1
South Bound 19.5 46.8 39.2 233
Alternative A-3 (HOV 3+) Hourly Traffic Volumes in Peak Rate Period

North Bound 15.2 59.9 41.2 22.0
South Bound i85 58.9 39.8 23.0
Alternative A-4 (HOV 2+) Travel Time and Speeds in Peak Rate Period (Seg 1 and 2)

North Bound 18.8 48.3 40.9 222
South Bound 206 44.2 377 242
Alternative A-4 (HOV 3+) Travel Time and Speeds in Peak Rate Period (Seg 1 and 2)

North Bound 15.4 59.0 42.0 216
South Bound 15.5 58.8 434 21.1

Source: ECONorthwest from PB/MTC data

Financial Feasibility

Assessing the financial feasibility of the HOT lane alternatives under a HOV 2+ and HOV 3+ carpool
policies is a critical portion of this study. Feasibility is determined by calculating the optimal tolls that
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would be charged on the HOT lane, aggregating them over various hours of the day and week,
annualizing them, and then aggregating the revenues across a 20-year time period assumed in the
analysis. The actual life of the facility, howevet, is likely to be much greater than 20 years.

The HOT Lane Alternatives modeled here are Alternative A-3 (without an intermediate access point) and
Alternative A-4 (with an intermediate access point). A HOT lane Alternative involving continuous access
(akin to a pure HOV lane) was not modeled. The financial analysis is not extended beyond 2025 in this
analysis. Furthermore, the analysis further assumes that the HOT Lanes will be operational no sooner
than 2006.

Summary of Revenue Under Optimal Tolling

Using the MTC/TOM optimization and extrapolation process, each alternative was modeled for 2000 and
2025. For each alternative modeled, annual revenue grows at a rate between four and five percent
between 2000 and 2025. The implicit growth rate derived through our modeling is used to interpolate™
annuai revenue between 2006 and 2025. When aggregated to annual values, the tolls generate between
$6.3 and $14.7 million dollars in 2006, in terms of 2002 dollars.

For both Alternative A-3 and Alternative A-4, we find that the choice of carpool policy has a dramatic
effect on the revenue potential of the HOT lane tacility. Not surprisingly, substantially more revenue is
generated under a HOV 3+ carpool policy, because fewer vehicles would be eligible to use the lanes for
free. We also find that Alternative A-4 would generate less revenue than Alternative A-3 under
comparable carpool policies.

Table 8-9 shows annual revenue each year of the analysis period in 2002 doflars.”® The net present
value in 2002 of the stream of revenue generated through 2025 is calculated assuming a 4% real
discount rate. The present value calculation is useful in cases where the costs of developing the facility,
implementing the HOT lane technology and/or underwriting transit service development are lo be
financed with bonds. As the table indicates, between approximately $100 million and $245 million in such
bonding could be supported today by toll revenues, according 1o the toll optimization calcuiations.™

2 This interpolation utilizes a non-linear interpolation procedure, since revenues grow non-linearly.

" The annual revenue projections reported in Table 8-9 have been adjusted to reflect a 14.0 mile HOT
lane length.

' The assumed four percent real discount rate is consistent, assuming a three percent infiation rate, with
a nominal bonding rate of approximately seven percent.
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Table 8-9: Annual Revenues for Alternatives A-3 and A-4 (Millions of 2002 Dollars)

Alternative A-3 Alternative A-3 Alternative A-4 Alternative A-4
HOV 2+ HMOV 3+ HOV 24 HOV 3+
2002 $0.0 $0.0 $0.0 $0.0
2003 $0.0 $0.0 $0.0 $0.0
2004 $0.0 $0.0 $0.0 $0.0
2005 $0.0 $0.0 $0.0 $0.0
2006 $9.8 $14.1 $6.3 $14.7
2007 $10.1 $14.6 $6.5 $15.3
2008 $10.5 $15.1 $6.8 $15.9
2009 $10.9 $15.7 $7.0 $16.6
2010 $11.4 $16.2 $7.3 $17.3
2011 $11.8 $16.8 $7.5 $18.0
2012 $12.3 $17.4 $7.8 $18.8
2013 $12.7 $18.1 $8.1 $19.6
2014 $13.2 $18.8 $8.4 $20.4
2015 $13.8 $19.4 $8.7 $21.2
2016 $14.3 $20.2 $9.0 $22.1
2017 $14.8 $20.9 $9.3 $23.0
2018 $15.4 $21.7 $9.6 $24.0
2019 $16.0 $22.5 $10.0 $25.0
2020 $16.6 $23.3 $10.3 $26.0
2021 $17.3 $24.1 $10.7 $27.1
2022 $18.0 $25.0 $11.1 $28.2
2023 $18.7 $25.9 . $11.5 $29.4
2024 $19.4 $26.9 $11.9 $30.6
2025 $20.1 $27.9 $12.3 $31.9
Total $287.1 $404.4 $179.8 $445.0
NPV $158.7 $224.2 $99.8 $245.2

Real Discount Rate assumption: 4.0%
Source: ECONorthwest from PB/MTC data

HOT Lane Operating Costs

Positive net operating income generated by the HOT lane can be used to support the construction of the
facility or ta fund other transportation improvements, such as more express bus service in the corridor.
The amount of construction that can be supported by this revenue Hlow depends upon the rate at which
future cash flows are discounted (to reflect the cost of funding construction of the facility) and the costs of
operating the facility on an ongoing basis relative to the revenue it generates. The operating costs for
Alternatives A-3 and A-4 are estimated to be approximately $1 miilion per year in 2002 doilars; this cost
represents a conservative number, based on the most expensive of the electronic tolling options
considered (see Chapter 5), including redundant toll readers on the corridor to discourage violators and
provide backup in the event of malfunction of one reader.

Net Revenues Generated by HOT Lane Operating Income

In Table 8-10 below, the net present value of operating income is compared with the upfront capital cost
requirements, including bond issuance fees, at various discount rates. (The incremental capital costs
presented for Alternatives A-3 and A-4 are principally refated to the electronic tolling and enforcement
iacilities and activities, necessitated by tolling in addition to free HOV access lanes.) As Table 8-10
indicates, net operating revenues could potentially support between $30 and $305 million of the proposed
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facility capital costs depending on the discount rate, Alternative, and carpool policy that is adopted. The
shaded 4% Real Discount Rate, yielding income ranging from $83 to $228 million, is consideredfo be a
realistic long-term rate, as discussed in the section below on Sensitivity of Feasibility Analysis to
Alternative Assumptions.

Table 8-10: 20-year Cumulative Present Value of Net Operating income, 2006-2025 (Millions of
2002 Dollars) *

Real Discount Alternative 3 Alternative 3 Alternative 4 Alternative 4
Rate HOV 2+ HOV 3+ HOV 2+ HOV 3+
$190 $276 $it1 $305
$164 $239 $96 $263

$123 $181 §72 $199

$108 $158 $63 $174

$95 $139 $55 $152

$83 $123 $49 $134

$74 $108 $43 $119

$65 $96 $38 $105

$58 $86 $34 $94

12% $§52 $77 $30 $84

Source: ECONorthwest from PB/MTC data

* Based on costs associated with Toli Collection option consisting of ETC, 1 lane in each direction, 1
intermediate access, and 4 additional readers. Initial capital costs are $3,241 ,000 and annual operating
costs are $1,018,000. Costs assume a system upgrade every 5 years, with a 40% capital replacement
factor. System upgrade also includes 50% of the original system design costs.

Sensitivity of Feasibility Analysis to Alternative Assumptions

Table 8-10 raises several questions that should be addressed in considering the financial feasibility of the
proposed project.
» What is the appropriate discount rate to use? From Tabie 8-10 itis clear that the higher the
discount rate assumption, the less financially feasible is the proposed project.

« What woulid be the effect of continued personal income growth on the financial feasibility of
the project?

The issue of the appropriate discount rate is fairly straightforward. The discount rate should reflect the
likely interest rate at which this project can be financed. Even though public projects can be financed
through tax-exempt bond issues (which enjoy, consequently, lower bond rates) economists generally urge
that private funding rates be employed in evaluating even public projects. The reason is that the lower,
public bond rate is achieved through losses in taxable revenue that have to be made up out of higher
taxes on private income.

However, the relevant discount rate in this case is the real discount rate (i.e., the rate that would exist if
inflation did not exist), because inflation is implicitly assumed to be zero in the toll and cost analysis.
Consequently, a discount rate in the range of 3% to 4% is reasonable; this range corresponds to a
nominal discount rate range of approximately 6% to 7%, for example, if inflation were 3% per annum.,

The second issue concerns the effect of rising incomes over time. The analysis presented here adopts
the MTGC convention of no assumed real (inflation-adjusted) income growth over time. However, inthe
likely event, based on historical trends in the Bay Area, that real income actually grows, the real vaiue of
time grows accordingly. Since higher values of time generally increase the tolerance for tolis
proportionately, the toll levels reported here couid be increased accordingly to reflect the higher toll-
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paying tolerance. in this analysis, we have assumed noreal wage growth, and thus these toll levels and
revenue estimates are probably biased downward and are conservative. '
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CHAPTER 9:
OPERATIONAL ANALYSIS

The operational analysis was conducted to assess the traffic operations characteristics of using the
planned 2+ HOV lanes on southbound and northbound 1-680 (SR 84 to Calaveras — SR 237) as HOT
lanes as well as HOV lanes. Vehicles not meeting the criterion for the minimum number of occupants
during peak periods would be allowed to use the express lanes for a toll. A number of alternatives were
assessed for both 2000 and 2025 conditions. The alternatives were defined as having either one or two
entry and exit points from the HOT lanes, with options of either 2+ occupant or 3+ accupant vehicles
paying no toll. These alternatives were compared with two non-tolled alternatives: (1) southbound HOV
2+ only (existing/no build), and (2) both southbound and northbound HOV 2+. The purpose was to

determine whether the proposed modification of these HOV lanes to HOT lanes would significantly impact
freeway operations.

They were defined as follows:

+« No Build

e Alternative A-1: 2+ HOV-only

s Alternative A-2: 2+ HOV/HOT, continuous access (not modeled)

« Alternative A-3: 2+ HOV/HOT, no intermediate access, 2+ HOV definition
s  Aliernative A-3: 3+ HOV/HOT, no intermediate access, 3+ HOV definition
« Alternative A-4: 2+ HOV/HOT, one intermediate access, 2+ HOV definition
e Alternative A-4: 3+ HOV/HOT, one intermediate access, 3+ HOV definition

Calibrated AM peak period and PM peak period FREQ models were developed for 1-680 based upon
2001 conditions (volumes and floating car runs) and then used the calibrated model output to conduct an
operational analysis on 2000 and 2025 demand forecasting MTC model output. Using the demand mode!
forecasts for 2000 and 2025 allowed for modeling consistency between the two analysis years.

Findings

The analysis shows that the HOT lane, under some scenarios, results in slightly worse traftic congestion
than continuous HOV lane operations, due to the constraints imposed by limited exits from the HOT lane.
HOT lane operations create additional capacity constraints that can be mitigated. Mitigation can be
achieved through the addition of short segments (totaling approximately 0.5 mile) of weaving lanes at the
exit locations of the HOT lanes for southbound travel, and extending the existing auxiliary mixed-flow lane
northbound approximately 1.5 miles from the truck scales to the HOT lane terminal interchange of |-680
with SR 84 (see Figure 9-1). Once mitigation is in place, two of the HOV/HOT lane alternatives operate
slightly better than the HOV-only alternative and much better than No Build. Comparing all the build
alternatives to No Build, 2025 travel times in the southbound mixed-flow lanes are reduced from 80-100
minutes to 25-45 minutes. The same positive effect ocours in the northbound PM direction. Specific

findings for each peak direction and horizon year follow. Complete results are found in Appendix E,
Operations Analysis.

In 2000 southbound, the specific key findings are:

e Comparing the HOV-only Alternative A-1 with the HOT lane altematives, the mixed flow lane speeds
for HOT lanes are between 26% and 38% lower.

« The reason for the additional congestion and lower average speeds compared to HOV-only is that the
HOT lanes constrain all vehicles to exit only at one or two locations, and this concentrated weaving
reduces the per-lane capacity of I-680 at the singie or two HOT lane egress points. This reduction in
capacity occurs with the HOV lanes as well, though not as severely.

« In all cases in 2000, the HOV and HOT lanes operate at speeds at 65 mph.

in 2000 northbound, the specific findings are:

e Al build alternatives show mixed flow lane speeds over 57.7 mph (compared with 43 mph for No
Build).
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e Al HOV and HOT Alternatives show speeds of 65 mph in the HOV/HOT lanes.

e There are potential bottlenecks with the HOT lane alternatives at Mission Boulevard (SR 238) and at
SR 84, but with the 2000 forecast volumes these bottlenecks do not significantly impact average
travel speeds; the average overall facility speeds range from 58.1 to 61.9 on the HOT alternatives,
compared to 62.3 mph on the HOV-only alternative.

in 2025 southbound, the specific key findings are:

e Average mixed flow lane and HOV/HOT lane speeds for HOT alternatives are slightly higher
(between 1% and 9%) for HOT alternatives than HOV-only, except for Alternative A-4: 2+
(intermediate access), where they are 8% lower. The same general pattern is true for the total
facility: 3 to 6% higher speeds for HOT than for HOV-only, except for Alternative A-4: 2+ (7% lower
speed).

» Person-throughput, as measured by person-miles traveled, for HOT alternatives between 1% and 8%
higher than for HOV-only.

e The HOV and HOT lanes are at or near capacity over the Sunol Grade, but continue to operate at 62
to 65 mph for the HOV2+ scenarios

e For the HOV 3+ HOT lane alternatives, the HOT lanes operate at about 60% of capacity.

In 2025 northbound, the specific key findings are:

e The HOT lanes perform better than the HOV 2+ alternatives in all cases, except for the HOT 2+ with
intermediate access (A-4:2+). The HOT lane alternatives result in mixed-flow lane speeds ranging
from 34 mph to 44 mph while the HOV 2+ alternatives show speeds of 36.6 mph in the mixed-flow
lanes. Comparing total facility average speeds, the HOT lane alternatives range from 36 mph to 45
mph, while the HOV-only is 39 mph, and No Build is 25 mph.

e The HOV/HOT 2+ lanes will operate near capacity while the HOV/HOT 3+ will operate at around 60%
of capacity. In both cases, the HOV/HOT lane speeds are between 63 and 65 mph.

« Al alternatives show the mixed-flow lanes operating at Level of Service F, while the HOV/HOT ianes
operate above 60 mph.

Generally, HOT lanes will perform as well as HOV-only lane alternatives in 2000 for northbound PM peak
period conditions. In 2025 most HOT alternatives wilt perform much better than HOV-only aiternatives for
northbound PM peak period conditions. in all cases, the congested conditions in the mixed-flow lanes
can be substantially mitigated with the addition of a short weaving lane to offset the capacity reductions to
mixed-flow lane capacity caused by egress from the HOV/HOT lanes. The nature of this mitigation is
explained in more detail below under Restoring Capacity.

Restoring Capacity

A capacity constraint occurs with the implementation of the left lane as an HOV/HOT lane, where all
HOV/MHOT vehicles seek to exit the freeway and need to weave 1o the right over a relatively short
distance. This intensified weaving reduces the capacity of the mixed-fiow lanes below the typical effects
of on-ramps at interchanges. The suggested mitigation of adding one mixed-flow lane for short distances
at certain locations {Figure 9-1) is to offset the reduced lane capacity created by the HOV/HOT iane
operations. The resulting total vehicle peak period capacity of four-mixed flow lanes at the HOVMHOT
lane bottlenecks is approximately equal to the vehicle capacity of three mixed-fiow lanes without the
intensified weaving.

In this case, adding the short stretch of additional weaving lane primarily serves to return mixed-flow lane
capacity to the three-lane levels that would exist without the HOV/HOT lanes. The HOV lane operations
aflow drivers to enter and to exit the HOV lane all along the corridor, so the weaving impact on mixed-flow
lane capacity of an HOV-only, continuous access facility is somewhat less concentrated at one or two
locations than that of HOT lane alternatives.

The operation of northbound traffic in the PM peak period is better than southbound traffic in the AM peak
period. This is because once traffic gets past Mission Boulevard (SR 238), there is a truck climbing lane
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all the way over the grade and beyond (the southbound lane is dropped at the top of the grade), and more
vehicles leave 1-680-than get on north of Mission Boulevard, especially to eastbound SR 84. Traffic is
diverging in the afternoon, and it converges in the morning. Traffic converging onto i-680 from the Sunol
Grade all the way to Calaveras is a primary reason for the bottleneck at the south end of the corridor.

Comparison of Alternatives after Restoring Capacity

A sensitivity analysis was done on the 2025 scenarios to compare the various alternatives on the
assumption that the mitigation described above is adopted and capacity restored. The findings are that
HOV-only has higher average speeds than the HOV/HOT alternatives in the southbound direction, but
lower in the northbound direction. in terms of person-throughput (as measured by person miles traveled),
the results are similar in some respects: higher for HOV-only than for HOV/HOT southbound, but lower
northbound in Alternative A-4 3+ and virtually identical in A-3 3+,

All HOV-only and HOV/HOT scenarios perform much better than No Build in terms of average speed.
No Build average speeds range from 24.9 to 32.1 mph, while HOV-only and HOVMOT range from 41 t0
55.4 mph. '

Operational Conclusions

In sum, mitigation to restore capacity causes ali scenarios to perform considerably better. The HOV-only
alternative in 2025 performs better than HOV/HOT southbound, but generally not as weil northbound.
The HOV-only and HOV/HOT alternatives perform considerably better than the No Build, as measured by
average speeds and person throughput (person-miles-traveled). HOV-only and HOV/HOT average
speeds in the HOV/HOT lanes are consistently above 62 mph, and generally at 65 mph, demonstrating
that users of those designated lanes will experience good performance under all scenarios and there is
little risk of degrading HOV lane service by making the lanes available for toli-paying users.

Properly designed, HOT lanes appear 1o be operationally feasible and perform comparably with HOV-only
lanes in terms of average speeds and moving people through the corridor. However, the limited access
teature of alt HOT alternatives does remove some of the HOV users who would otherwise use the
HOV/HOT lanes, because their origin or destination is incompatible with the ingress/egress locations.
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CHAPTER 10:
HOV/HOT LANE CAPACITY AND VOLUMES

An essential guestion to answer in consideration of any HOT lane is, “How much capacity is available to
sell in the HOV lane?” The answer to that question helps determine the pricing structure, how much
revenue can be generated, and the public acceptability of the project. If there is not sufficient available
capagity, then the policy-makers and publfic will question whether the HOT lane provides enough benefits
to make installing toll collection equipment worthwhile. On the other hand, if there is there is a substantial
amount of capacity (i.e., severely underutilized HOV lanes), then it raises the question about whether the
HOV lane itself is necessary, due to a lack of either time savings or demand.

The answer to the capacity question is complicated by several uncertainties: (1) the theoretical “normal
capacity’ of an HOV lane is itself subject to different interpretations; (2) travel forecasting and operational
analysis depend upon assumptions that may or may not be proven accurate when tested against reality
after HOV or HOV/HOT are placed into operation; (3) different geometrics, interchange spacing, and
freeway configuration choices (especially lane separation treatments) can have an impact on what
constitutes “capacity” in a given corridor; and (4) different, and sometimes competing, values can be
served by allowing more or less vehicles into the HOV/HOT lanes. The following discussion addresses

each of these issues as they are manifested in the I-680 findings in this report and existing literature on
HOV lanes.

What is the Capacity of an HOV lane?

A conventional mixed-flow freeway lane, according to Caltrans standards, has a capacity of 1900-2200
vehicles per hour (vph), with the variability arising from tactors such as shoulder widths, sightlines,
grades, and spacing of interchanges. The capacity of an adjacent HOV lane must be viewed differently
from a mixed-flow lane, because one purpose of an HOV lane is to provide its users with a reliable high
level of service so they can count on speeds at or near the speed limit nearly all the time, barring
incidents or extraordinary circumstances. This is generally referred to as Level of Service C. The current
maximum capacity cited in the Metropolitan Transportation Commission's HOV Lane Master Plan is 1600
vph. Caltrans has used standards ranging from 1600 to 1800 vph, depending upon whether there were
one or two HOV directional lanes available. A recent study for Los Angeles MTA used a maximum
threshold of 1850 vph. The Federal Highway Administration’s Guide for HOT Lane Development cites
1700 vph as a sate range. ‘

Observation of actual HOV lane operations has shown higher volumes with no degradation of service.
SR 91 (an HOV/HOT lane) has operated acceptably at 1800/vph. A recent Orange County Study shows
peak hour volumes up to 1700 vph, though intermittent congestion in the HOV lanes is observed. A
January 2003 observation of HOV lanes on southbound Interstate 880 in Alameda County (between
Route 238 and SR 92) counted 2000 vph in the HOV lane, with average speed of 55 mph.

Thus, the determination of capacity is subject to some interpretation, which means that HOV lane “excess
capacity” available for HOT vehicles can vary depending upon what assumptions are used and what risk
of oceasional reduction of service level is deemed acceptable. A conservative assumption wouid be to
place the capacity on 1-680 HOV lanes in a range between 1600 and 1700 vph. Because this proposal
for an HOV/HOT lane on I-680 provides standard lane and shoulder widths, limited access and buffer
through striping, it provides the opportunity fo achieve the high end of this capacity range. While not as
definitively separated from adjacent slower-moving traffic as they would be with a concrete barrier,
vehicies in the HOV lane will be inclined to maintain relatively higher speeds than they would if there were
continuous access. According to the Orange County study of butfer-separated HOV lanes, vehicles in the
HOV lanes feel more comfortable that slower moving cars in the mixed-flow lanes will not maneuver in
front of them unexpectedly. The higher speeds are conducive to higher capacity.
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Travel Forecasting

The travel forecasts for year 2000 (i.e., assuming HOV lanes were in place in year 2000 traffic conditions)
show highest peak hour volumes for the HOV-only alternative between 1093/vph and 1428/vph. Year

2025 show volumes highest peak volumes between 1232/vph and 1841/vph. This assumes a continuous
access HOV lane.

Due to the limitations of the demand model, there is a potential for overestimation of HOV trips. The
demand model “creates” HOV trips in response to a time-savings offered by HOV facilities., For the most
part, this is a reasonable assumption: carpools will form when offered the benefit of a shorter trip.
However, in reality there may not be an unlimited supply of carpoolers. An individual's ability to form a
carpool is limited by the availability and willingness of another household member or neighbor to share a
ride. The demand model is not capable of modeling such complex inter- and intra-household
relationships. As a result, there is a potential for overestimating the number of carpoolers even when an
HOV lane offers a substantial time savings. Although no formal testing of this hypothesis has been
performed, anecdotal evidence is available through inspection and comparison of the HOV predicted and
actual volumes on nearby 1-880. For example, actual traffic counts on i-880 for dates in the first week of
January 2003 show approximately 1700/vph in the HOV lane, while the model predicts approximately
2000/vph — an overestimation of about 15%. While these results do not offer conclusive evidence of HOV
volume overestimation, they do point in that direction.

Another factor that forecasting may not adequately take into account is the impact of HOT lane systems
on violation rates. With continuous access on a conventional HOV lane, violation is easy — the driver can
ship in and out of the line at any point, depending upon the perception of enforcement level and the
chance of being apprehended. According to a recent report, violation rates on Bay Area continuous
access freeway HOV lanes in 2001 averaged 6.5% for the AM peak direction and 4.5% in the PM peak.
Some freeway segments have violation rates as high as 19.1% in the AM peak. HOT lanes, on the other
hand, have “true” (i.e., after apparent but, upon verification, not actual violations are discarded) violation
rates of approximately 2.6% for i-15 in San Diego and about 1.9% for SR 81 in Orange County. Because
enforcement would be greatly improved by enhanced highway patro! presence, visible readers and
surveillance cameras, and clearly marked striping and signage warnings to potential violators, it can be
anticipated that violation rates will be reduced in the proposed limited access HOT lane condiguration. if
the number of violators is reduced, the available excess capacity for legitimate HOT vehicles is increased.

Thus, the travel forecasts are somewhat more likely to understate than overstate the capacity that is
“excess” and available to sell to toll-payers, due to overestimation of the number of carpools that will
actually use the HOV lane. However, it must be noted that the revenue model for the HOT lane accepis
the results of the travel forecast mode! and does not make the assumption that there is more excess
capacity than the forecast model indicates. Thus, the revenue estimates could be too low, if there is
actually more capacity to sell than predicted by the model.

As part of its HOV Master Plan Study Alternative (and independent of this study), the MTC undertook a
travel forecast of corridor-level performance of potential HOT lanes in the AM peak, assuming a 3+
carpool policy. The results were reported in a February 27, 2003 memo. It analyzed nine candidate HOT
lane potential corridors, including southbound 1-680 in Alameda and Contra Costa counties, for a year
2010 planning horizon on a sketch planning basis. In general, the analysis showed that, under a 3+
carpoo! policy, introduction of HOT lanes would increase average speeds by up to 35% in the mixed-flow
lanes and decrease speeds by 4% in the HOV/HOT lanes. 1-680 was the corridor in which the benefits
were the greatest, with an increase of 59% in average corridor speeds. This analysis assumed 1600/vph
as a reasonable level that reflects an optimal use of a HOV/HOT lane without significant delay.’

5 HOV Master Plan Study: Alternative 5: High Occupancy Toll (HOT) Lane Alternative, Memorandum
from Chuck Purvis & Rupinder Singh, February 27, 2003.
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Freeway Configuration

Different freeway geometrics can have an impact on what constitutes freeway capacity. In the case of |-
680 there are mixed impacts, with some factors pointing toward less capacity and some toward more
capacity. This segment of I-680 is characterized by some fairly steep grades and more curves than the
typical freeway; these factors tend to lessen the capacity by causing drivers 1o slow down.

On the other hand, compared to many other Bay Area freeways, there are relatively longer distances
between interchanges and fewer vehicles getting on and off in this segment, due to the semi-rural nature
of much of the freeway segment. This factor tends to increase capacity. In addition, the limited access
feature of the proposed HOV/HOT lane would tend to increase capacity by providing a more clearly
delineated separation from the adjacent mixed-flow lane and less turbulence caused by the constant
weaving of vehicles in and out of the lane.

This report conciudes that the positive and negative factors approximately neutralize one another and do
not make any significant difference in determining capacity.

Values

Determining capacity is an art as well as a science, because the conclusion is partially determined by the
degree of risk the managers of the freeway are willing to take and what values they are trying to
maximize. For example, if the highest priority value is to have virtually no risk that the HOV lane will ever
experience a slowdown as a result of too many vehicles (as distinct from traffic accidents), then the

‘acceptable HOV lane capacity will be a lower number. However, if the dominant value is 1o provide

access to a greater number of vehicles on the HOV lane, while accepting some risk of occasional
siowdown, then the acceptable capacity number will be higher.

The best illustration of this tradeoff is when the number of 2+ vehicles in the HOV lane hegins to bump up
against the capacity limits and leads to reduction in speeds on some segments occasionally during the
day; this is already occasionally the case on 1-880. A simple solution to this phenomenon is to change
the definition of a carpool from 2+ to 3+, because a large percentage (more than 50%) of users are 2-
person carpools and would no longer be eligible. However, this is very difficult to do, because it would
be hard to obtain public acceptance for such a change that would take away a henefit from a large
number of current users. The implicit tradeoff in retaining a 2+ carpool policy, even in the face of some
deterioration in service level and reliability, is that allowing more users to experience a benefit most of the
time is of higher vaiue than guaranteeing a smailer number of users a benefit all of the time. Thisis a
policy choice and dilemma which will face Bay Area policy-makers in the future, if and when volumes on
many HOV segments approach their limits and experience deterioration in service level.

Another question concerns the importance of the value of time for different users. Currently, freeway
users need make no calculation about the value of their time as it relates to their driving behavior.
Someone taking a non-essential trip to browse at the mall during the peak hour experiences the same
speed and delay as someone who wouild lose his/her job as a result of being late on a particular trip,
despite their vastly different values of time. Drivers who are able to form a carpoo! gain the benefit of the
HOV lane, regardless of the value of the time saved, and those unable to form a carpool have no choice
but endure the delay, no matter how costly.

The values question is: Does the benefit of providing an option allowing some drivers to pay when it is
worthwhile to them outweigh the risk that, on rare occasions, too many vehicles may use the lane? The
answer is not seli-evident, and it depends upon whether or not the policy-makers view the introduction of

an element of value-oi-time into fravel decisions as a worthy goal that merits taking an occasional risk to
the HOV lane's level of service.
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Conclusions on HOV Lane Carrying Capacity

The carrying capacity of a given HOV lane, and therefore the amount of excess capacity available for
pricing, is not always easy to calculate. There are both physical and travel modeling variables that can
lead to different conclusions, so uncertainty will always exist until the lane is actually constructed and in
operation. Also, the decisions about lane separation treatment and limited vs. continuous access can
have an impact on the effective capacity of the lane.

Introduction of a HOT lane concept is predicated on some capacity being available for a substantial
period of time, in order to make the toll collection operation at least a break-even proposition that
improves freeway utilization and hopefully produces net revenue for the overall transportation system. |t
is also predicated on the ability and willingness to adjust tolls quickly, so that the chance of inadvertently
permitting too many vehicles to “buy into” the lane is minimized.

The most difficult decision for policy-makers concerning capacity on HOV lanes will be when the 2+
carpool policy leads to such high volumes that the levels of service on HOV lanes are frequently reduced
to the point where there is littie speed or refiability advantage to using those lanes. That is the point at
which policy-makers will know from irrefutable empirical evidence that the capacity of that a particular
freeway segment has been exceeded.

The year 2025 forecasts indicate that the decision to convert to the 3+ carpool definition will be
confronted by that date or perhaps several years earlier, as some 1-680 segments reach volumes over
1800 vph in the HOV-only scenario and nearly 1800 in one of the of HOT scenarios (Alternative A-4, 2+).

if the difficult decision is made to move from a 2+ to a 3+ carpool policy, decision-makers know they will
take the risk of moving from overutilization of the HOV lane to severe underutilization. That would entail
the problem of sending many vehicles back into the mixed-flow lanes and increasing public frustration. In
that circumstance, the availability of a HOT lane system in place or ready to install could greatly mitigate
the underutilization problem and perhaps increase the public acceptance of the modified carpool policy.
An appropriately priced HOT lane could restore balance to the freeway operation, by better matching
capacity with demand and adjusting the toli levels to make sure that the overutilization problem does not
refurn. :

Interim Traffic Counts

Beginning in January 2003 Caltrans conducted frequent traffic counts on the interim southbound HOV
lane to determine the number of vehicles using the HOV and mixed-flow lanes. The purpose was to
compare the actual volume of vehicles with the forecast volume, in order to verify whether there is
sufficient capacity available to sell. The average of the three most recent counts {March-April 2003)
show the foliowing averages.

Table 10-1: Year 2003 Traffic Counts

HOV Mixed-Flow
Lane Lanes, per lane
(3 lanes)
Total peak period (6-9:00 AM) 1624 5365
Average per hour during peak period 541 1788
Peak one-hour 555 1861

These preliminary counts indicate that there is less traffic on the corridor segment than is forecast by the
MTC mode! for year 2000, especially in the HOV lane. This suggests that there is considerable capacity
1o sell in the HOV lane, perhaps space for as many as 1,000 more vehicles, because the highest hour
volume in any count (555) for the HOV iane is well under the 1600-1700 vph that is generally considered
to be the capacity of an HOV lane.
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On the other hand, the fact that the mixed-flow lanes are relatively uncongested even in the peak hour
(1861 vph), with typical speeds slightly above 55 mph, suggests that fewer drivers than forecast might be
willing to pay a toll to use the HOV lane. it is likely, however, that both HOV and mixed-fiow volumes are
unnaturally low due to the severe economic slump currently being experienced by Silicon Valiey, the
destination of most of the peak-period users. Thus, long-term planning for the I-680 corridor will proceed
on the assumption that the economy will eventually recover and that the severe traffic congestion and
delays of the late 1990’s will recur and worsen. Planning for the HOV and possible HOT lanes is
conducted for a maijor investment and a 25-year horizon.

Volume Forecasts and Observed Experience

Travel forecasting, as well as preliminary iraffic counts on the southbound HOV lane, indicate that
substantial capacity will be available to permit introduction of a HOT lane concept. Year 2000 forecasts
show considerable excess capacity under all scenarios; around 1200 vph for HOV2+ carpool policies and
900 vph for HOV3+ carpool policies. The year 2025 forecasts show HOV/HOT lanes much closer to
reaching capacity: 1325-1775 vph under HOV2+ policy, 1200-1550 vph under HOV3+ policy. The most
problematic case is where the carpoot policy is 2+ and intermediate access is permitted. it must be
emphasized that, in those scenarios where exceeding capacity is forecast, an adjustment of the toll level
(higher than the level deemed “optimal” by the model) can readily reduce the number of vehicles 10
maintain a safe cushion below theoretical capacity. A pricing system, if properly and regularly adiusted to
real world conditions, can assure that the HOV/HOT lane does not reach capacity and degraded levels of
service.
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CHAPTER 11:
POLICY CONSIDERATIONS

Comparing HOT Lanes and HOV-only Lanes

Additional lane capacity on the 1-680 corridor can be built as conventional, continuous access HOV-only
lanes, regardless of the financial feasibility of the HOT lane option. This raises the key issue of whether
the HOT lane offers efficiency or other advantages over a pure HOV lane. Although HOT lanes and
limited access HOV lanes exist in southern California, free and continuous access HOV lanes are the
norm in northern California and HOT lanes would represent a departure for both poiicy-makers and the
driving public.

From the purely economic viewpoint, the pricing of lanes is usually preferred to not pricing lanes, because
pricing assures that roads are used by drivers at times and with frequency that is in proportion to its value
to them. So long as users do not bear directly the cost of their use— especially during the highly
congested times— one can never be sure whether resolving congestion through expensive, new
construction of capacity is warranted, because users are only facing their own delay cost (and the smali
average “toll” that is implicit in gasoline taxes) and not the delay cost their road usage imposes on others.
The benefits of use are best reflected in a user's willingness to pay for the service, and this can only be
measured with a system of pricing. '

These broad, efficiency implications aside, there could be a concem that making the facility a limited-
access HOV pius HOT lane rather than a continuous access HOV lane may cause somewhat fewer
carpools to use the lane, for two reasons: (1) some former HOVs would break up and become toll-paying
SQVs 1o take advantage of the new HOT lane option; {2) HOVs would prefer to enter or exit the HOV
lanes at points other than the limited ones permitted. The modeling analysis conducted in this study,
comparing a limited access HOV vs. a limited-access HOT lane, indicates that there would be & 12%
reduction in carpools if the HOT lane option were available. However, the limited-access feature, rather
than pricing, would reduce carpool usage of the lane by an additional 11% in Alternative A-4 (intermediate
access available) and 26% in Alternative A3 (no intermediate access), presumably because some of the
vehicles would prefer to enter or exit at a location not permitted in the limited access scheme.

Nevertheless, actual experience in southern California differs from the modeling results and indicates that
the use of limited ingress/egress has not been significant impedance to carpooling, as the limited access
HOV lanes in Los Angeles and Orange counties carry some of the highest carpool volumes anywhere.
Actual experience In San Diego has shown that the number of carpools has increased substantially since
the advent of HOT lanes on 1-15. In reality, ime saving is generally the motivation for discretionary

carpool formation. If time saving is reduced or lost due to overutilization of the HOV lane, then carpool
formation is discouraged.

Both total travel-time efficiency (i.e., reduced delay) and person-throughput could be increased under
HOT/HOV compared to the HOV-only alternative, depending in part upon how the toll revenues are used.
For example, if revenues generated by HOT lanes are used to fund greatly enhanced express bus service
in the same corridor, then new transit riders could be attracted, inciuding those who would otherwise be
using the mixed-flow lanes or unable to make the trip due to unavailability of a car or the excessive time
delays.

By relieving demand on the mixed-flow lanes, more capacity is freed up for additional trips to be
accommodated in those lanes, if the demand is present. The travel demand modeling in this study did
not assume any more transit service in the corridor as a result of revenue from HOT lanes, but itis a
logical conclusion, to be confirmed or rebutted in tuture forecasting and observed experience, that
offering more transit service would increase ridership and reduce the number of vehicles on the freeway.
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Combining Freeway Management Strategies

The mobility and efficiency advantages of a designated HOV lane are preserved by restricting lane use 1o
vehicles with the requisite number of persons. This strategy is now widely applied in the Bay Area and is
generally accepted and understood. But this strategy represents only one of three traffic management
tools commonly employed outside this region to etfectively preserve mobility on a dedicated lane. The
other tools accompanying user restrictions are (1) access location restrictions and (2) pricing strategies.

Access restrictions are widely applied in southern California (Los Angeles, Orange, Riverside and San
Bernardino counties) as a means of limiting HOV demand to longer distance trips and promoting ingress
and egress only at specified locations. This strategy preciudes unconstrained weaving to, from, and
across the mixed-flow lanes. The fimited access is generally delineated by simple striping, two sets of
double-yellow lines about three feet apart. Enforcement is done by highway patroi and very substantial
fines for violators. Access restrictions are also employed on a number of similar HOV lane treatments in
Washington D.C., Minneapolis, Atianta, Dallas, Houston and Denver.

Pricing (HOT lanes, in this instance) offers a third strategy 1o manage lane demand. This strategy has
multiple objectives. Pricing to separate 2-person and 3+ occupancy HOV users is applied to manage
HOV demand on two HOV lane segments in Houston; 3+ vehicles go for free, 2-person vehicles pay a
toll, SOVs are excluded. Pricing as a means of managing demand among a wider number of user groups
is practiced on SR 91 in Orange County and I-15 in San Diego County. Variable tolling offers a means of
managing demand to stay within the lane’s capacity. Prices may be varied throughout the peak period to
adjust to recurring demand (as in SR 91}, or to changing roadway conditions (dynamic pricing, as in I-15).

Efficiency Under the HOV-only vs. HOT Management Strategy

When applying all three of these strategies in combination ~ HOVs ride for free, limited access locations,
and variable pricing for non-HOVs--, the efficiency advantages over a pure HOV lane are readily
apparent. Recognizing and applying this larger array of traffic management tools could enhance the
value and attractiveness of HOV lane strategies. Both of the California time-variable toll projects, SR g1
and I-15, employ a combined strategy of user benefits and assured level of service to HOVs, while also
limiting access and pricing residual lane capacity for SOVs. '
The characteristics of pricing as a management tool include:
e An assured level of service is provided to HOVs. Access restrictions enhance the entire freeway
throughput and its performance, and pricing permits modest adjustments to demand
management strategy that are not possible when applying user or access restrictions alone.

« Revenue generation. As a matter of local policy, any revenue generated via pricing can also be
used to promote HOVs through added transit services, as currently done in San Diego’s |-15, and
additional enforcement presence. Revenues could also be used to build and extend the HOV
lanes.

Equity

When pricing is applied to allow single-occupant vehicles to share the HOV roadway, concerns apout
equity are frequently raised. With tolling, users whose delay is the most costly and who value their time
more highly are permitted the option of traveling in the less congested, more reliable HOV/HOT lane.
This can significantly improve their travel times. These users could include not only high-time-value
SOVs, but potentially (under the 3+ carpool option) 2-person carpools whose occupants would split the
cost of the toll.

The SR 91 and I-15 experience has demonstrated that it is not only high income individuals who have
high values of time. Often lower-income individuals have high values of time on some occasions,
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because, for example, they lack flexibility in job-arrival time or childcare pickup time. From the equity
standpoint, a case can be made that those with low-income are most harmed by not having the choice to
bypass congestion on those occasions when being late entails a high penalty. Survey resuits on existing
HOT lanes indicate that having the option to pay a toll and be assured reliable time-savings can be
valuable to persons across the income spectrum, though higher-income people will generally have a
propensity to use HOT lanes more frequently than do lower-income people.

Another way to view equity is to compare methods of road financing and analyze how a HOT lane system
compares with other financing sources. A HOT lane toll is paid only by users who gain a benefit; it is paid
onty by choice, as all users have an adjacent free mixed-flow option; most toll-payers are employed
persons seeking to save valuable time, not retired or low-income unemployed.

The major alternative sources of road financing in California are the sales tax and per galion gasoline tax.
Sales taxes are often viewed as relatively regressive, taking a disproportionately large share of the
income of lower-income families, and thus may be more inequitable than tolls from the income distribution
standpoint. Furthermore, sales taxes are not a road “user fee” in any-sense, but paid by all consumers
on all taxable products. Gasoline taxes are roughly proportional to auto usage — though varying greatly
by gas mileage of different vehicles. However, the gas can be consumed at any time of day or any facility
used, so there is no necessary relationship between the burden placed on the road system by the driver
and the amount of tax paid. This may be viewed as inequitable to other users. Thus, a case can be made
that a toll paid directly by the user in exchange for a benefit is more equitable than either sales taxes or
gasoline taxes.

impacts on HOVs

The time savings benefit provided to any HOV or dedicated lane user are the same, and if not managed
to protect these benefits, all lose. Thus, a fundamental requirement for any dedicated lane is
preservation of an acceptable service level. The available and finite capacity offered to SOVs can be
managed—through pricing—so that the level of service will not be impaired, nor will there be a significant
shift from HOVSs to SOV toll-payers. This is because the price can always be adjusted to regulate the
number of toll-paying users. When demand becomes 100 high, the price goes up; when demand falis, the
price goes down. Pricing can be employed by freeway managers only when there is excess capacity to
sell, and there is a willingness to pay tolls only when there is available capacity to sell, i.e., only when the
toli payer is offered improved travel time.

When HOV lane capacity is largely consumed by HOVs, lane management will necessarily curtail access
to toll-paying users. While the generally accepted capacity of a mixed-flow lane may be around 2,000
vehicles before gridiock may occur, the maximum recommended usage for an HOV or HOT lane is only
1600-1700 before lane performance may be impacted. If the lane is overloaded, it can no longer fulfil its
primary function—providing speedy and reliable service as compared to the adjacent mixed-flow lanes.

Overloading is a risk with HOV-only lanes with the 2+ carpool definition currently in effect in most northern
California locations. i an HOV lane becomnes overcrowded with 2.+ carpools, there is'no way to adjust
usage, except to make the difficuit policy decision to increase the carpool definition to 3+ occupancy, a
step which has never yet been taken in northern California. instead, the carpool lane performance just
degrades until carpool formation is discouraged, due to lack of benefits to the users. However, if and
when the occupancy requirement is changed from 24 to 3+, it is likely that there would be an abrupt
decline in carpool usage of HOV lanes, because many drivers able to form 2-person carpools will be
unable to form 3-person carpools. Then, the HOV-lane overutilization problem would immediately be
replaced by a severe underutilization problem. This is precisely what occurred on the Interstate 10 Katy
Freeway in Houston, when the overused 2+ HOV lane was changed to 3+, and three-quarters of the
users went away. Eventually, Houston instituted a pricing system to allow 2-person carpoois to buy back
into the lane.

One additional impact on HOVs has been hypothesized: a reduction in the number of carpools would
oceur due 1o the availability of the toll-paying option for solo drivers. While this seems a reasonable
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hypothesis, the experience in San Diego’s I-15 HOT lanes does not bear this out. In October 1996
(before HOT lanes were instituted) there were 7,700 carpools per day. As of May 2003, there were
16,800 carpools per day (118% increase). No survey data is available to explain this increase, but locai
managers of the program offer several explanations: (1} the perception of higher value in HOV/HOT
lanes, which peaple can obtain for free by carpooling and (2) greater likelihood to form a carpool in the
first place, because increased reliability in trip planning makes it more attractive to form carpools, with the
knowledge that a time-saving toll option is also available on those days when a person is unable to
carpool. In addition, opinion surveys of users have indicated that support has grown for the HOT lane
concept since it has been in operation.'®

Impacts to the HOV Lane Design

This 1-680 study and others performed on freeway corridors in California document that the primary
design changes associated with empioying these other lane management strategies include limiting
access to designated locations and adding electronic equipment and enforcement capability to the
roadway. Both of these design provisions have minimal impact to the Caltrans standard carpool fane
design criteria, Similar design enhancements have been previously demonstrated on SR 91 and I-15 in
California.

Access restrictions can be provided through the use of designated and striped bufter areas, and may also
be delineated with the use of traffic channelizers, such as plastic pylons. The added cost for channelizers
can be offset by toll revenues. Pricing equipment, such as toll readers and message signs, may be
limited to a single toll zone or multiple zones depending on the number of intermediate access points.
These zones do not require major roadway widening or barrier separation from adjacent traffic lanes.
They are ideally sited where HOV enforcement areas could otherwise be installed.

in summary, all of the three dedicated lane strategies— user restrictions, access restrictions and pricing
— have the potential to enhance total corridor mobility and efficiency, and the means to manage traffic.

Institutional Arrangements

Interstate 680 is currently a state-owned and operated facility. Aside from the state-owned toll bridges,
the state currently operates no other toll facilities. The segment under consideration for the HOT janes is
almost entirely in Alameda County, but also has a small portion in Santa Clara County. In addition,
congestion on |-680 significantly impacts Contra Costa and San Joagquin County residents, businesses
and organizations. Because of the unigue nature of this project, an 1-680 HOT lane will require some new
institutional arrangements.

There will be a need for an entity, existing or new, to manage, operate and maintain the HOT lanes,
administer the finances and determine the use of revenues. Because the financial projections indicate
that HOT lanes would defray all of the facility’s operational costs and yield net revenues, it should be
possible to attract the private sector to manage and/or operate the system. The following are some
potential institutional arrangements for the 1-680 HOT lanes project.

Pubiic Finance, Development, Qwnership and Operation of HOV/HOT Lanes

This option is closest to the current institutional arrangements. A public agency, or consortium of public
agencies, would develop, finance, own and operate the HOT lanes. First call on the funds would be for
facility maintenance and operations. The net toll revenues would be available for a variety of purposes.
This study recommends that the use of the revenues be explicitly and permanently limited to

transportation purposes on the 1-680 corridor, such as further capital improvements and transit services.

16 1.15 Congestion Pricing Project Monitoring and Evaluation Services, Phase Il Year Three Attitudinal
Panel Survey, San Diego State University, February 2001
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in order to gain and keep public acceptance for HOT lanes, it will be essential to assure users that the
revenues not be diverted for purposes other than transportation in the corridor.

A variety of institutional options are available for public ownership and operation:

Caltrans

« Aregional organization, such as the Metropolitan Transportation Commission or Bay Area Toll

Authority

« Alameda County agency, such as the Congestion Management Agency or Alameda County

Transportation Improvement Authority

» A new entity formed by joint powers agreement among agencies from several counties, cities and

other institutional participants

The allocation of decision-making authority, risks, and permissible or mandated uses of funding would
need to be spelled out in a charter approved by the public agency participants.

Private Sector Participation

There are a number of potential ownership and operating relationships that can be used to engage the
private sector. The pattern of ownership greatly affects risk-sharing, financing terms, and access 1o types
of financial instruments, including:

Build-Transfer-Operate (BTO). This scenario would be similar to the SR 91 toll lanes in Orange
County. The SR 91 facility was built by a limited partnership called the California Private
Transportation Company (CPTC). CPTC was responsible for developing, financing and building the
SR 91 toll lanes in the median of SR 91 under a franchise agreement awarded by Caitrans. CPTC
transferred ownership to Caltrans when construction was completed, and Caltrans then leased the
facility back to CPTC for 35 years. During this period, CPTC was allowed to maintain toll rates to
achieve the negotiated maximum return on investment; any revenues in excess of this amount must
be used 1o accelerate debt payment or be deposited in the State Highway Account. In 2003, after 8
years of private operation under this agreement, Orange County Transportation Authority decided to
purchase the facility outright from CPTC, but maintained a contractual agreement for CPTCto
continue managing the toll facility. Assuming that the public sector will build the basic additional HOV
lanes on 1-680, what could be “buili” by the private sector would be the toll collection and any other
infrastructure to make a conventional HOV iane into a HOT lane.

Operation and Maintenance Agreements. A contract is let 1o a private entity to manage the facility
entirely or in part. For example, the public entity owning the facility could seek a private contractor o
maintain toll coliection equipment, manage accounts, collect tolls, market the HOT lanes, etc. The
contractual arrangement could be in the form of a lease, payment for services, a percentage of
revenues, or some combination.

As a practical matter, a wide variety of institutional arrangements for 1-680 is possible. The arrangement
will be determined by several public agency participants and how they wish to resolve issues of control,
risk and benefits. Reaching an agreement is likely to be a complex process.
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CHAPTER 12:
EVALUATING THE ALTERNATIVES

This chapter applies the evaluation criteria set out in Chapter 6 to alternatives that were analyzed in detail
Chapters 7, 8, and 9 (travel forecasting, financial feasibility, and operations) in this study. Early in the
study, it was determined that detailed analysis of revenue generation and operations would be done only
on the non-reversible 8-lane options under Alternative A (described in Chapter 5). The reasons were
twofold:

(1) This alternative was deemed by Caltrans to be the most likely near-term build alternative to be
implemented. It meets the near-term need with the lowest capital and operating cost, but does
not preclude the possibility of ultimately moving to reversible or 9-lane options.

(2) It became apparent early in the study that several important policy options under Altemative A,
including different intermediate access-and carpool definitions, would be considered. The study
scope for travel and financial forecasting was able to accommodate a limited number of options,
and the different options for limited access and for carpool policies were viewed as the most in
need of detailed investigation. Thus, all of the detailed analysis was done for the 8-lane, non-
reversible options under Alternative A.

This does not imply that the reversible tane Alternatives B, C, D and E are excluded from consideration by
Caltrans or definitively rejected as possibilities. Nor does it imply that a HOT lane could not be feasible
under the reversible lane scenarios. In fact, it vehicle volumes grow markedly higher than forecast in the
peak directions and the 2+ carpool definition is maintained no matter what its impact on HOV lane
functioning, then reversible lanes, or adding a ninth lane in the median, may be the only way to maintain
satisfactory service on the HOV and/or HOT lanes. in that case, an additional financial and operational
feasibility analysis would have to be compleied.

Table 12-1 applies the evaluation criteria to the HOV-only scenarios and to the HOT lane options. The
HOT lane options are: A-3, no intermediate access, and either 2+ or 3+ carpool definition; and A-4, one
intermediate access, and either 2+ or 3+ carpool definitions. In each case, the HOT lane alternative is
compared to the HOV-only base case. For the purpose of this comparison, the conventional, unlimited
access HOV is assumed to be in place, and its physical, financial, and operational characteristics are
what the HOT lane alternatives are evaluated against. The qualitative 7-point scale is from tripie plus
(+++) at best, through tripie minus (---) at worst, with 0 being essentially equivalent to HOV-only. A
narrative explanation of each criterion rating follows the table.
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Tabie 12-1; Evaluation of Alternatives

Criterion Alternative A-3 Alternative A-3 Aiternative A-4 Alternative A-4

2+ 3+ 2+ 3+
Carridor travel
impacts 0 0 0 O
QOperational impacts - - - -
Geometric 0 0 0 0
Safety 0 0 0 0
Tolling & - - - -
Enforcement

+-+-4 +4-+ ++ ++

Travel Options ++ ++ 4 o+
Capital Cost - - _— -
Revenue
Generation ++ T ++ it
Net Operational ++ FUTa ++ ++4
Revenue
Environmental '
impact O 0 0 0
Equity 0 0 0 0
Transit impact + e + ' +4

Corridor Travel impacts: The average speed data are mixed, with HOT alternatives’ southbound AM
average corridor speeds lower in 2000, but approximately the same in 2025. Northbound PM speeds are
slightly lower for HOT alternatives in 2000, but higher in 2025 in most cases. in all cases, however, the
speeds in the both the HOV-only and HOT alternatives are very high (between 62.1 and 65 mph) and
virtually identical among alternatives; this demonstrates that none of the alternatives impairs HOV lane
operations. Delays, as measured by vehicle-hours-traveled, were slightly higher for HOT alternatives
southbound AM in 2000, and approximately the same in 2025. On the other hand, northbound delays for
HOT alternatives were lower in most 2025 scenarios and split {two higher, two lower) in 2000. Person-
throughput measures show a similar trend: HOV-only is higher southbound, but several HOT alternatives
are higher northbound. In all cases, the addition of the mitigation measures described in this report
substantially increases both average speeds and person-throughput in all HOV-only and HOT scenarios.
The conclusion is that the balance of positive and negative impacts among the alternatives on various

performance measures is roughly equal, and that all pertorm comparably well, especially when compared
to the No Build case.

Operational impacts: All HOT alternatives have a modest negative impact on operations, as compared
to a conventional continuous access HOV lane, but that impact can be mitigated by improvements that
restore capacity. The impact results from two factors: (1) limited access requires alt vehicles wishing to
use the HOV/HOT lane to enter and exit the lane at only one or two locations, and (2) more vehicles will
be using the HOV/HOT lane than would use an HOV-only lane. This may cause queues to form at those
limited ingress/egress locations. By restoring lost capacity through a short transition lane in the vicinity of
those locations, the impact largely disappears. It should also be noted, however, that continuous access
brings operational issues of its own, i.e., the weaving/churning that occurs throughout the length of the
HOV lane as vehicles move in and out of the lane at any location. The operational analysis shows that

the transition lanes for mitigating this effect at both ends of the project are equally applicable to any HOV-
only project.
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Geometric: There is essentially no difference in the geometry and configuration of the HOV-only and
HOT lane alternatives. Curves and shoulder widths are approximately the same. Enforcement areas
necessary to HOV lanes are available for HOT lane enforcement as well, although the locations of such
enforcement areas might be modified in order to make them consistent with the location of toll readers.

Safety: There is essentially no difference in the safety factor that can be demonstrated between HOV-
only and HOT. A case could be made that HOT configurations might be safer, because they limit

weaving throughout most of the lane’s iength and provide more of a buffer between the HOVHOT lane
and adjacent mixed-flow lane. However, there is not sufficient empirical data to justify that supposition.

Tolling and Enforcement: This is the most difficult criterion to apply, because there are definite pros
and cons to HOT lanes in this criterion — hence, both minus and plus ratings in the Table 12-1 matrix. All
HOT alternatives are unquestionably more complicated to enforce than is a conventional HOV-only iane,
because there is an additional potential vioiation — the non-tollpaying SOV user of the HOV lane. The
enforcement officer, or video monitoring, must look for both the number of passengers in a vehicle and
whether a toll has been paid. The toll payment is shown by the toll reader and indicated by some kind of
visual illumination on the overhead toll-reader. Thus, the user has two, rather than one, way to be in the

lane legally, and the officer or video monitor must ascertain that neither appiies before identifying a
violation.

On the other hand, the limited access aspect of the HOT alternatives eases enforcement in another way,
because it creates one clear, undisputed violation that can be enforced. If a vehicle crosses the striped
barrier at any point except the designated locations, it is a clear violation, regardless whether the vehicie
is an SOV or HOV. Furthermore, the availability of an option to pay a toll of a few doliars and benefit by
substantial time savings, versus the risk of a fine of nearly $300 or more, greatly reduces the incentive 1o
violate an HOV-only lane. This should have the effect of reducing the violation rate from what is would
otherwise be. Experience bears this out. Violation rates at the SR 91 and 1-15 HOT lane facilities are’in
the 1.5% to 2.5% range, considerably below the rates observed on conventional HOV lanes. Finally, the
enhanced Highway Patrol enforcement presence that would be part of this project, paid for by toll
revenues, provides a further significant deterrent 1o viclation. '

Travel Options: All HOT lane alternatives have a clear advantage over HOV-only, because they provide
the freeway user a new option they never could have otherwise — the ability to pay a toll in exchange for
substantial time savings and reliability on those occasions when this is most valuabie to them. The A-4
Alternative, with intermediate access, provides somewhat more options because of greater
ingress/egress flexibility. -

Capital Cost: Al HOT lane alternatives incur a capital cost not associated with HOV-only lanes, namely
the cost of the tolling system. This cost is estimated to be in the neighborhood of $3.2 million. The
intermediate access Alternative A-4 incurs an additional cost of $4.6 million for a short transition lane

restoring capacity in order to accommodate more easily the traffic entering and exiting the intermediate
access location. '

Revenue Generation; The HOV-only project generates no revenue. The HOT alternatives generate
between $6.3 and $14.7 miilion in the first year, and between $12.3 and $31.9 million by the twentieth
year and continue to generate revenue for the full life of the facility.

Net Operational Revenue: The HOV-only project generates no net revenue. HOT lanes generate a
positive revenue stream from its first year of operation. Over a 20-year period (assuming a conservative
4% real discount rate) HOT alternatives generate between $83 miilion and $228 million. The HOT
alternatives A-3 and A-4 with the 3+ carpool policy perform much better financially than the 2+
alternatives, because they provide more capacity to seli to tolipaying customers. Alternative A-3{no
intermediate access) performs somewhat better financially than does Alternative A-4, with intermediate
access, presumably because all users in A-3 are paying for a longer distance, while some in A-4 are
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paying for only one segment. The HOT lane revenue can be used to pay for corridor improvements such
as partial construction cost for the freeway widening itself or enhanced transit services on the corridor.

Environmental Impact: There is no appreciable, known difference in environmental impact between
HOV-only and HOT alternatives, or among HOT alternatives. The air quality and fuel efficiency analyses
(not part of this study) could conceivably uncover slight variations. It is possible that the availability of
HOT lane options could reduce HOV formation or, conversely, that better HOT/HOV lane enforcement
would lead to better HOV lane performance and therefore induce more carpool formation. At this level of
inquiry, it appears unlikely that there would be a significant difference in environmental impact among the
various HOT lane alternatives.

Equity: Because equity can be defined in several ways, this criterion is difficult to evaluate, From the
income distribution standpoint, more affluent users could afford to pay a toll to bypass congestion, while
less affluent users may be less able to afford it;'this might be viewed as inequitable. From the standpoint
of benefit/cost ratio, users paying for a benefit accruing to them is equitable, especially if revenues are
used to improve transit service on the corridor. Better transit service makes fravel more accessible and
affordable to others, including those with lower incomes lacking access to an automobile. This analysis
finds that the equity issues are offsetting and no significant difference among alternatives is found.

Transit Impact: HOT alternatives have the potential to be superior to HOV-only. They provide
substantial revenues for potential use in improving corridor transit, both bus on the freeway and even
ACE train service. The HOT alternatives with 3+ carpool policies are more beneficial for fransit, because
they offer a larger pool of potential transit customers — former 2-person carpoolers. The only potential
negative impact on transit might be reduced speeds for buses, in the event that too many HOT vehicles
are permitted on the HOV/HOT lane. However, that result can be easily avoided by adjusting tolls
upward to reduce HOT vehicles usage of the lane.
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CHAPTER 13:
CONCLUSIONS

1. Adequate capacity exists on 1-680 to sustain HOT lanes as a viable alternative.

Travel forecasting indicates that substantial capacity will be available to permit introduction of a HOT iane
concept. Year 2000 forecasts show a great deal of excess capacity under alt HOV/HOT scenarios, and
year 2025 forecasts show some available capacity under most scenarios. The most problematic
scenario is with only one segment of Alternative A-4 (intermediate access) under the HOV2+ policy in
year 2025. Obviously, a change to the HOV3+ policy at any time would create much more excess
capacity and would significantly increase the atiractiveness of buying into the lane, resulting in a greater
number of potential toll-payers.

Nevertheless, trave! forecasting is an inexact science and the projections in this study could be proven
inaccurate by experience and unforeseen developments. In the event that the travel forecasts prove to
be too low for HOVs and/or for HOT vehicles, there are several policy responses available. First, the toll
tevel can be raised until it reduces the number of toli-payers to a manageable number. Second, a move
from a 2+ to a 3+ HOV policy could be considered. Third, the HOT option can be suspended until traffic
conditions warrant its resumption. Because the capital investment in the HOT system, primarily in tofi
collection equipment that could remain in place, is relatively quite small in comparison to the entire
widening project, the at-risk investment of trying a HOT lane concept would be relatively modest.

2. 1-680 HOT lanes are financially feasible.

HOT lanes elsewhere in Califarnia have demonstrated that people are willing to pay tolls to save time
instead of being forced to use the adjacent toll-free but congested highway lanes. Revenue and cost
analysis for this segment of 1-680 indicates that a HOT lane system on 1-680 would generate substantial
positive cash flow over the life of the facility. To adopt a HOT lane system would entail an investment of
approximately $3.24 milfion in capital for tolt collection/enforcement equipment and $1.02 million in annual
operating costs. Further widening {beyond that required by the conventional HOV lane) at an
intermediate access location, if deemed necessary, would entail approximately $4.6 million in additional
costs. Because the estimated annual net revenues range from $6.3 to $14.7 million in Year 1 of
operation and $12.3 to $31.9 miilion by Year 20 of the program, the HOT lanes are financially
advantageous. The prospective positive cash flow would also permit bonding to accelerate this or other |-
680 corridor improvement projects, attract private investment (if desired), and pay for other services, such
as enhanced transit services.

3. 1-680 HOT lanes are operationally feasible.

The combined HOV/HOT lanes can be operated in a manner that maintains smooth and congestion-free
traffic flow on the HOV/HOT lanes without unduly impairing the functioning of the adjacent mixed-flow
janes. Mitigations that provide additional through-lane or transition lane capacity at the ingress and
egress locations for the HOV/MOT ianes largely resolve the queuing problems that might otherwise occur
as a result of large number of vehicles getting on or off at the same location.

4. HOT lanes have no performance impact on HOV lanes, but some positive and negative impacts
on the performance of adjacent mixed-flow lanes.

The performance measures applied in the operational analysis shows mixed performance results as
compared to HOV-only lanes, some positive and some negative. There is only a negligibie impact on the
travel speeds on the HOV lanes caused by the addition of the HOT vehicles. However, when compared
to HOV-only alternative, HOT alternatives have a negative impact on total corridor southbound AM travel
speeds in the mixed-flow lanes in year 2000, though a negligible impact in 2025. They have a slightly
negative impact northbound PM in year 2000, and a positive impact in 2025.
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The negative impacts are primarily due to the limited access feature of the proposal, not the pricing
component, Some vehicles that would otherwise use the HOV-only continuous access lane will remain
in the mixed-flow lanes instead of using the HOV lanes, due to their need to get on or off at locations
other than those permitted in the limited access configuration. While this problem could be mitigated by
adding more intermediate access locations, that solution might also add to the cost of the project.

The major positive operational impact of limited access is that it would substantially reduce weaving
between HOV and mixed flow lanes and therefore increase driver certainty about when and where to
expect other vehicles to enter or exit the lanes.

5. HOT lanes are compatible with HOV lane operations...with a caveat.

Lanes that are jointly used as HOV and HOT users are compatible, in that neither interferes with the
operation of the other. HOT lane tolls can be adjusted upward or downward as traffic conditions warrant
1o assure a high level of service in the HOV/HQOT lane. The HOT lane gives drivers the option to receive
the benefit of better service and reliability on those occasions when they cannot form a carpool.

Once again, however, it is the limited access feature of the proposed HOT lane that creates a
complication for the HOV user. All viable HOT lane alternatives virtually require limited, rather than
continuous, access in order to assure adequate enforcement and toll collection. But the consequence is
that the HOV user is also restricted in locations to enter or exit the HOV lanes. While the limited access
feature brings benefits - generally better speeds and reliability --, this reduction of choice for the HOV
user may be seen as a detriment. This problem could be addressed by adding several more intermediate
access locations on the corridor.

6. Enforcement can be maintained at a reasonably high level.

The proposal for I-680 would be an innovation in HOT lanes, because it proposes to keep HOT vehiclés
separated from the mixed-flow lanes only by a highly visible, but non-physical, barrier (2 buffer of 2-4 feet,
striping and signage). This places more reliance on enhanced highway patrol presence, video
surveillance, and to some degree, the “honor system.” HOT lanes in Orange County and San Diego
show very low violation rates in the 2% range, but they also have physical barriers separating them from
mixed-flow lanes. The 1-680 lane separation proposal is much iess expensive and more flexible than a
physical barrier separation, and that is why it is recommended here. However, it would test enforcement
effectiveness under different circumstances than have been tried elsewhere.

Nevertheless, it is likely that enforcement effectiveness and violation rates on i-680 would be much
improved, as compared to what they would be with the HOV continuous access system now common in
the Bay Area. This is so for several reasons: (1) highway patrol presence would be greatly enhanced,
paid for by the revenues generated by the HOT lanes; (2) video surveillance will provide for a deterrent
and potential detection of violators; (3) limited access makes it easier to spot a violation, because any
vehicle making a lane change outside of authorized locations is a clear violation, whether or not a toil is
paid: (4) providing the option for SOVs to pay a small toll in order to aveid the risk of a very large fine
reduces the temptation to viclate the HOV lane, if saving time is highly valuable to the driver.

An additional advantage of the stepped-up enforcement that accompanies HOT lanes is the effective
increase in the capacity of the HOV lanes. Assuming that the current average violation rate on Bay Area
HOV lanes is in the 5-10% range and that a robust enforcement regime can reduce ihat to the 2-3%
range, that is the equivalent of adding 2-7% more capacity to the lane for legitimate HOVs and HOT toli-
payers. This capacity increase is gained through better management and without having to incur the
substantial cost of adding physical capacity in the form of more freeway lanes.

7. HOT lanes can be implemented with flexibility.
The HOT lanes proposed for 1-680 could be impiemented and adiusted in several ways over time, which

increases their attractiveness as an experiment. First, limited access could be applied with none, one, or
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more intermediate access locations. The locations could be changed to fit observed or new traffic
conditions. Those adjustments could be made in many cases by the simple process of re-striping,
including shortening or lengthening the ingress/egress sections or moving them slightly to the north or
south. When adding intermediate access, more capital intensive solutions could be considered. For

- example, an additional intermediate access might require an additional transition lane for a short

distance. If necessary, these adjustments can generally be made within the existing freeway footprint.

Second, the number, location, and functions of signage and video surveillance can be modified as

needed. If particular “hot spots” are found where driver confusion or high violation rates are prevalent,
this aspect of the system can be changed quickly and inexpensively.

Third, the tolls themselves are subject to modification. Despite the best efforts of travel and economic
modeling, it is entirely possible that some of the initial toll levels will either be too low or too high. After a
period of observation, the prices or hours can be adjusted to optimize the efficiency of the freeway
management, using existing capacity to the maximum extent while generating revenues. Just as the
case with the SR 91 and 1-15, tolls will be adjusted periodically to reflect changing conditions.

Finally, in the event that the HOT system proves to be unworkable or unacceptable for some reason, it
can be suspended at any time, with minimal loss of investment. On the other hand, if it proves

successful, it could serve as a model that is replicable on other HOV lane facitities, suitably tailored to the
circumstances of those facilities.

8. Implementation faces major challenges.

Implementing HOT lanes on 1-680 faces several major chalienges. As noted in Chapter 3, many road
pricing concepts have been studied, but few have b